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ABSTRACT. 

The genus Axonopus Beauv. i s defined, i n the terms proposed by 

Chase (1'911) and the pan tropic d i s t r i b u t i o n of the A.compares sus(Sw.) 

Beauv. complex i s commented upon. Seven taxa are proposed f o r West 

Af r i c a . These include two new species, two new hybrid taxa, and a 

recently introduced species from America (A . a f f i n i s Chase). The seven 

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

A.brevipedunculatus Gledhill sp.nov. 

A.flexuosus (Peter) Hubbard ex Troupin 

A.arenosus G-ledhill sp.nov. 

A . a f f i n i s Chase 

A.compressus x flexuosus G-ledhill hyb.nov. 

A.brevipedunculatus x compressus Gle d h i l l hyb .nov. 

The taxa are shown to d i f f e r morphologically, c y t o l o g i c a l l y , and 

i n t h e i r breeding mechanisms. Phenoftvpic v a r i a t i o n i s shown to affe c t 

spikelet length and leaf width, both of which characters have been 

afforded taxonomic importance by other workers. The species form a 

polyploid series, the f i r s t two being t e t r a p l o i d , the second two being 

hexaploid, and the f i f t h being octoploid. A.compressus x flexuosus i s 

approximately pentaploid, but plants with additional chromosomes,or which 

have l o s t chromosomes,are common. 

A.compressus and A . a f f i n i s are sexual outbreeders, but are also 

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

apomictic process i s described f o r A.brevipedunculatus as obligatory 

autonomous automixis (Thomas,!940). I n t h i s process the embryo sac i s 

produced from a reduced megaspore, but a d i p l o i d 'egg' i s formed due to 

the f a i l u r e of one nucleus to divide. Such embryo sacs have a characteristic 



seven-nucleate appearance, i n which the 'egg' occupies a l a t e r a l p o s i t i o n . 

4 
A.flexuosus i s also capable of producing some apomictic offspring. 

,'58| but i s probably a f a c u l t a t i v e apomict i n w i l d populations. Both hybrid 

• • taxa are s t e r i l e . 

Hybrids were obtained from three i n t e r s p e c i f i c crosses and the 

hybrids are compared with t h e i r parents and. with the natural hybrids. 

The o r i g i n and taxonomy of the West African representatives of Mie 

genus are discussed. Their evolution i s discussed i n terms of 

polyploidy and apomixis. Two lines of relationship are recognised, one 

consisting of the sexual species (A.compressus, A.flexuosus and A . a f f i n i s ) 

,:- and the other of the apomicts (A.brevipedunculatus and A.arenosus). 
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I n t r o d u c t i o n 

The present work i s an i n v e s t i g a t i o n of the experi­

mental taxonomy of a group of plants which suggested i t s e l f to 

the w r i t e r as one of a great number of such groups i n Sierra 

Leone which e x h i b i t wide ecological tolerance accompanied by 

considerable s t r u c t u r a l v a r i a t i o n . 

Carpet grasses (Axonopus species) are used widely i n 

the t r o p i c s as pro t e c t i v e cover crops to reduce erosion of road 

and r a i l embankments, as lawn grasses and as forage crops. 

They have probably been introduced from America and the West 

Indies i n t o West A f r i c a where they are now widespread, not only 

i n a r t i f i c i a l habitats but also i n semi-natural h a b i t a t s . Only 

one species, A. compressus (Sw,) Beauv., i s l i s t e d i n Hutchinson 

and Dalziel's Flora of West Tropical A f r i c a ( 1 9 3 8 ) ; but t h i s 

species i s very v a r i a b l e . I n t h i s t h e s i s , an account w i l l be 

given of t h i s v a r i a b i l i t y ; the taxonomy of the A. compressus 

(Sw.) Beauv. complex, which i n f a c t consists of several species, 

w i l l be considered and c l a r i f i e d ; and an account w i l l be given 

of some of the evolutionary problems which are presented by the 

members of t h i s complex. 
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D e f i n i t i o n of the genus Axonopus 

Accounts of the early controversies as to the v a l i d i t y 

of the genus are contained i n the l i t e r a t u r e (e.g. Chase, 1911 

and Dedecca, 1956). These controversies stem o r i g i n a l l y from 

Beauvois' (1812) diagnosis, i n which he himself expressed doubt 

as to the v a l i d i t y of s p l i t t i n g Axonopus from Milium and i n 

which he c i t e d f o u r species as being representative of the new 

genus. I n f a c t , these four species d i f f e r i n respect of the 

arrangement of t h e i r inflorescences and s p i k e l e t s . Together 

w i t h t h e i r c u r r e n t l y accepted names, they are:-

Milium compressum Sw. (Axonopus compressus (Sw.) Beauv.) 

Milium digitatum Sw. (Syntherisma d i g i t a t a (Sw.) Hitchc.) 

Milium cimicinum Linn. ( A l l o t e r o p s i s cimicina (Linn.) S t a f f . ) 

Milium paniceum Sw. (Syntherisma paniceum Nash) 

The controversies have served to e s t a b l i s h Axonopus as a genus 

i n which there i s considerable u n i f o r m i t y amongst i t s members, 

the congeners of A. compressus (Sw.) Beauv., p a r t i c u l a r l y i n 

respect of the structure and o r i e n t a t i o n of the s p i k e l e t . 

For the purpose of t h i s t h e s i s , the genus i s defined 

i n the terms proposed by Chase (19H) , as f o l l o w s : -

Inflorescence w i t h two or more simple, slender, s p i k e - l i k e 

racemes d i g i t a t e l y or s u b - d i g i t a t e l y arranged at the summit of 

the peduncle. Spikelets small to very small, s o l i t a r y , biconvex, 
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adaxial, a l t e r n a t i n g on two faces of the t r i q u e t r o u s rachis 

and closely adpressed to i t , f a l l i n g e n t i r e w i t h the rudimen­

t a r y pedicels. F i r s t glume suppressed, second glume ahaxial 

and equal to the s p i k e l e t . Lower f l o r e t reduced to i t s lemma 

which may resemble the second glume but may lack a mid-nerve. 

F e r t i l e f l o r e t w i t h sub-similar lemma and palea, the former w i t h 

i t s back turned away from the rachis and embracing the l a t t e r 

marginally. Lodicules two, small, broadly cuneate. Stamens 

three. Styles two. Grain enclosed i n the hardened lemma and 

palea, d o r s a l l y compressed. Hilum punctate, sub-basal. Embryo 

less than h a l f the length of the g r a i n . 

Stoloniferous perennials, caespitose perennials or 

r a r e l y annuals. Leaves more or less l i n e a r , f l a t , conduplicate 

or i n v o l u t e . Ligules very narrow, membranous and c i l i a t e . 

The key c h a r a c t e r i s t i c s are those of the a l t e r n a t e l y 

arranged, s o l i t a r y , sub-sessile, adaxial s p i k e l e t s i n which the 

f i r s t glume and s t e r i l e palea are lacking, and the racemes 

being aggregated at the summit of the peduncles. 

The taxonomic p o s i t i o n of the genus i s i n the t r i b e 

Paniceae of the sub-family Panicoideae. Appendix 1 contains an 

a r t i f i c i a l key i n which Axonopus i s separated from a l l i e d genera, 

a table of d i s t i n g u i s h i n g characters of the inflorescences of 

Axonopus and a l l i e d genera and a very b r i e f h i s t o r y of the 

establishment of the genus Axonopus upon the type species 

Axonopus compressus (Sw.) Beauv.. 
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V a r i a t i o n w i t h i n the genus 

Va r i a t i o n w i t h i n the genus Axonopus mainly concerns 

h a b i t , dimensions and hairiness. The leaf blades of s t o l o n i -

ferous species may be a l l a l i k e (A. f i s s i f o l i u s (Raddi) Kuhlm.) 

or those on the stolons may d i f f e r from those on the culms 

(A. compressus (Sw.) Beauv.). A. stragulus Chase can be r e ­

garded as intermediate between the stoloniferous and caespitose 

species since i t has short, g e n i c u l a t e l y ascending stolons. 

Most species are perennial but a few are annual (A. c a p i l l a r i s 

(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. rnarginatus (Trin.) 

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

A. elegantulus (Presl.) H i t c h c . ) , but those of the stoloniferous 

species are mostly f l a t or f o l d i n g on drying. The anatomy of 

the s p i k e l e t i s constant throughout the genus (except that 

nervation of the glume d i f f e r s ) but the size of the spikelets 

and the arrangement of the inflorescences show much v a r i e t y . 

Spikelet length may be as l i t t l e as 1.7 mm (A. ater Chase) or 

as great as 6 mm (A. o b t u s i f o l i u s (Raddi) Chase) and the pro­

po r t i o n of the length which i s occupied by the f e r t i l e f l o r e t 

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

to the whole (A. a f f i n i s Chase and A. f i s s i f o l i u s (Raddi) Chase) 
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A s l i g h t resemblance to Stenotaphrum i s found i n the sunken 

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

rachis, but a l l other species have c h a r a c t e r i s t i c sub-spicate 

racemes which may be few (two i n A. furcatus (Fltlgge) Hitchc.) 

or numerous (A. scoparius (Fltlgge) Hitchc.) . The racemes them­

selves are arranged i n d i g i t a t e , racemose or even f a s c i c u l a t e 

*(A. pubivaginatus (Fltlgge) Hitchc.) heads towards the summit 

of the peduncle. 

Chase (1911) proposed three sections w i t h i n the genus, 

based upon the d i s t r i b u t i o n of hairs upon the inflorescence. 

These are defined as f o l l o w s : -

(a) Euaxonopus; lacking hairs on the rachis of the i n ­

florescence . 

(b) Cabrera; w i t h golden hairs on the rachis but few, 

or none, on the s p i k e l e t s . 

(c) Lappagopsis: w i t h pale hairs on the rachis and pilose 

s p i k e l e t s . 

A. s u f f u l t u s (Mikan) Henr. has a few, to many, golden 

to pale yellow hairs at the base of the spikelets and so i s i n ­

termediate between Axonopus proper and the section Cabrera. 

A l l the materials dealt w i t h i n the present work be­

long to the f i r s t section, Euaxonopus, and are a l l members of 

the Axonopus compressus (Sw.) Beauv. complex. This complex i s 
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the only p o r t i o n of the genus which i s widely d i s t r i b u t e d out­

side the t r o p i c a l American centre of p r o l i f e r a t i o n . Because 

of i t s present wide d i s t r i b u t i o n throughout the t r o p i c s and 

sub-tropics, i t s d i s j u n c t series of populations may be expected 

to show d i s c o n t i n u i t i e s i n morphological and physiological v a r i ­

a t i o n patterns. 
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History of the taxonomy of 

A. comuressus (Sw.) Beauv. - sensu l a t o . 
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The oldest known specimen of Milium compressum Sw. 

i s reputed to be that c o l l e c t e d by Sloane ( I 6 9 6 ) i n Jamaica. 

Swartz (1788) described t h i s species also from Jamaican material 

and a specimen, contained i n the Botaniches Staatssamrnlung, 

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

0 . Swartz.", may be part of the type c o l l e c t i o n . This and 

Swartz' second, more amp l i f i e d , d e s c r i p t i o n (1798) c l e a r l y agree 

w i t h the a p p l i c a t i o n of the name Axonopus compressus (Sw.) Beauv. 

to the common form from the West Indies. 

Stapf ( 1 9 0 9 ) , i n Prain's Flora of Tropical A f r i c a , 

distinguishes Axonopus as having adaxial s p i k e l e t s i n which the 

second glume i s wanting and the lower f l o r e t i s reduced to i t s 

lemma. He describes Axonopus compressus (Sw.) Beauv. i n very 

adequate terms so that i t i s clear that the de s c r i p t i o n was 

based upon a large volume of material which ex h i b i t e d consider­

able v a r i a t i o n . This i s p a r t i c u l a r l y true f o r the values given 

f o r general dimensions and hai r i n e s s , but the des c r i p t i o n of the 

inflorescences as "subdigitate, s e s s i l e , erect or spreading 

spikes; common axis very slender; ....pedicels s o l i t a r y , .... 

reduced to smooth e l l i p t i c subsessile discs." c l e a r l y agrees 

w i t h Swartz' (1798) d e s c r i p t i o n . Stapf also notes that the 

species was "evidently introduced from South America". 

Chase (1938) pursued her e a r l i e r (1911) observations 

on the recognition of a narrow-leaved form of A. compressus (Sw.) 
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Beauv. "by describing i t as a new species, A. a f f i n i s . 'This l ed 
to the re-examination of Axonopus i n both A u s t r a l i a and Malaya. 
McLennan (1936) bad already recognised that New South Wales 
material f e l l i n t o two categories; those w i t h narrow, \ - •§-
i n s , leaves and those w i t h broad, % - -§- i n s , leaves. He had 
i d e n t i f i e d the narrow-leaved material as Axonopus compressus 
(Sw.) Beauv. w i t h the synonym Paspalura platycaulon Poir. and 
l e f t the broad-leaved material undetermined but wi t h the synonym 
Paspalum compressum (Sw.) Rasp. Chase (1938) maintained that 
the Poiret and Haspail types were both broad-leaved and, there­
f o r e , themselves conspecific. Cross (1938) and Jagoe (1940) 
recognised the narrow-leaved materials of both A u s t r a l i a and 
Malaya as belonging to Axonopus a f f i n i s Chase. Jagoe l i s t e d a 
number of a d d i t i o n a l characters by which A. a f f i n i s Chase could 
be separated from A. compressus (Sw.) Beauv. but, by doing so, 
he made a descriptive departure from e a r l i e r descriptions by 
r e f e r r i n g to the l a t t e r species as having short peduncles. 
Jagoe 1s i l l u s t r a t i o n , and those of other workers, shows a short-
peduncled plant which i s s t r i k i n g l y s i m i l a r to short-peduncled 
material which i s common i n West A f r i c a . Since Swartz' des­
c r i p t i o n of the peduncles was "pedunculis longissimis", t h i s 
character has been examined i n some d e t a i l and i s discussed 
l a t e r . 

Chippindal (19§5) admitted uncertainty concerning the 
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i d e n t i f i c a t i o n of the South African material. He found the 

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

spikelet lengths to be more i n accord w i t h those of A. a f f i n i s 

Chase. This i s also found to be the case amongst West A f r i c a n 

material and i s also considered l a t e r . 

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

su'bsp. congoensis from the herbarium material c o l l e c t e d by Hens 

and by Pobeguin i n the Congo. The main c h a r a c t e r i s t i c of t h i s 

subspecies i s the greater s p i k e l e t length; up to 4 ™ as com­

pared w i t h 2 ,2 mm. Other differences are narrower leaves and 

two additions,! nerves on the glume. 

Peter (1930) described D i g i t a r i a flexuosa from 

Tanganyika i n terms which leave no doubt that i t should be a 

species of Axonopus, and that i t i s i d e n t i f i a b l e w i t h Henrard's 

subspecies congoensis. I n making the new combination, Troupin 

(1956) c i t e d the herbarium materials of DeSaeger and of 

N o i r f a l i s e , from the Congo, to replace the no longer extant 

type of Peter. Troupin 1s diagnosis d i f f e r s from that of Peter 

by i n c l u d i n g material of greater stature and w i t h much broader 

leaves. 

A v i l a de Araujo (1943) described a South American 

v a r i e t y of A. compressus as also having la r g e r s p i k e l e t s , culms 

and leaves and gave i t the v a r i e t a l name j e s u i t i c a . This may 

be i d e n t i c a l w i t h West Af r i c a n A. flexuosus (Peter) Hubbard 

ex Troupin. 
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G l e d h i l l (1962) described A. compressus (Sw.) Beauv. 
subsp. brevipedunculatus from Sierra Leone and noted that t h i s 
was very widespread throughout West A f r i c a and apparently i n 
many other areas. The main c h a r a c t e r i s t i c s of t h i s subspecies 
were the short peduncle, the broad and usually h a i r y leaves 
and the longer hairy s p i k e l e t s . I t i s now recognised that t h i s 
taxon i s composite and can be s p l i t i n t o two d i s t i n c t species 
and a hybrid taxon. 

From the foregoing i t i s clear that the Axonopus 

compressus (Sw.) Beauv. complex, outside the American area, 

consists of populations between which d i s c o n t i n u i t i e s of both 

q u a n t i t a t i v e and q u a l i t a t i v e characters have been recognised. 

The taxonomic treatments given to the complex have not taken 

i n t o account the genetic aspects of c o n t r o l over the discon­

t i n u i t i e s i n the v a r i a t i o n patterns but have been based upon 

means of q u a l i t a t i v e characters exhibited by materials from 

geographically or e c o l o g i c a l l y d i s s i m i l a r areas. V a r i a t i o n 

w i t h i n each taxon i s considerable and i n consequence the taxa 

are interconnected by intermediate i n d i v i d u a l s . Thus, a more 

r e l i a b l e concept of the taxa must embody c y t o l o g i c a l character­

i s t i c s and an understanding of the i n t e r r e l a t i o n s h i p between 

I n f a c t , seven taxa have been recognised of which f i v e 

are given s p e c i f i c rank and two are regarded as i n t e r s p e c i f i c 
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hybrids. Two of the f i v e 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. 

3« A .flexuosus (Peter) Hubbard ex Troupin 

4. A.brevipedunculatus x compressus G-ledhill hyb.nov. 

5. A.bre\ripedunculatus G-ledhill sp.nov. 

6 . A.arenosus G-ledhill sp.nov. 

7. A . a f f i n i s Chase 

Their diagnoses, synonymy and d i s t r i b u t i o n s are set out i n f u l l 

i n Appendix 1 . 

The names given to the hybrid taxa are constructed i n 

accordance with A r t i c l e H.l. of the International Code of Botanical 

Nomenclature ( I 9 6 l ) by the formulae i n which the specific epithets 

of the putative parents are placed i n 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 t h i s point the seven taxa w i l l be referred to by 

t h e i r binomials or formulae, without c i t a t i o n of a u t h o r i t i e s . 

As has been stated e a r l i e r , 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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f i g u r e 1, which, shows the known d i s t r i b u t i o n o f Axonopus 

s p e c i e s ) . I n t r o d u c t i o n i n t o Queensland and i n t o New South Wales, 

A u s t r a l i a , and i n t o Singapore i n I895 was i n t e n t i o n a l . I t i s 

a l s o l i k e l y t h a t i n t r o d u c t i o n s i n t o o t h e r t r o p i c a l areas may 

have been i n t e n t i o n a l , where such areas were d e v e l o p i n g as 

c a t t l e r e a r i n g areas. Much l e s s l i k e l y i s i n t r o d u c t i o n , o t h e r 

than a c c i d e n t a l i n t r o d u c t i o n , i n t o the Tsetse areas of West 

A f r i c a . Attempts were made t o e s t a b l i s h Axonopus as a cover 

crop i n Senegal and Morocco, but these f a i l e d . Elsewhere i n 

West A f r i c a the methodical e s t a b l i s h m e n t of p a s t u r e s , u s i n g a l ­

ready present Axonopus, i s q u i t e a r e c e n t p r a c t i c e ( N i g e r i a n 

Grass Yearbook, 1948) and i s c o n f i n e d t o the non-Tsetse areas. 

I t i s l i k e l y , t h e r e f o r e , t h a t the present d i s t r i b u t i o n of the 

complex i n A f r i c a (throughout the medium a l t i t u d e moist f o r e s t 

f o r m a t i o n s of the Western Guinea area, from Gambia t o Angola and 

across the Congo i n t o East A f r i c a f r o m Kenya t o South A f r i c a ) 

i s the consequence of easy t r a n s p o r t of seed. This t r a n s p o r t 

may have s t a r t e d when these f o r e s t areas became l i n k e d by slave 

t r a d i n g w i t h the American c e n t r e of o r i g i n . 

With the e x c e p t i o n of the m a t e r i a l of A. a f f i n i s , a l l 

the l i v i n g m a t e r i a l examined f o r t h i s work i s of West A f r i c a n 

o r i g i n . The l o c a l i t i e s and t h e i r r e f e r e n c e numbers are l i s t e d 

i n Appendix 2, as are the names of h e r b a r i a whose c o l l e c t i o n s 

have been examined. 
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The f o l l o w i n g key and t a b l e of c h a r a c t e r i s t i c s may 

be of use i n i d e n t i f y i n g the taxa t o which the i n v e s t i g a t i o n s 

r e f e r : -

Peduncles not much lo n g e r than the u l t i m a t e l e a f - s h e a t h . 

Leaves and nodes g l a b r o u s ; s p i k e l e t s over 3 mm lon g and 

w i t h few adpressed h a i r s . A. arenosus. 

Leaves and nodes h a i r y ; s p i k e l e t s up t o 3 mm lon g and 

s i l k y - h a i r y . 

At l e a s t the f i r s t racemes becoming f u l l y e x s e r t e d 

from the u l t i m a t e l e a f - s h e a t h ; u l t i m a t e l e a f about 

h a l f as l o n g as i t s sheath; o f t e n anthocyanosed. 

A. b r e v i p e d u n c u l a t u s x compressus., 

Racemes seldom f u l l y emerging from the u l t i m a t e 

l e a f - s h e a t h ; u l t i m a t e l e a f l e s s than h a l f the 

l e n g t h of i t s sheath; dark green. 

A. b r e v i p e d u n c u l a t u s . 

Peduncles much long e r than the u l t i m a t e l e a f sheath. 

S p i k e l e t s over 2.7 mm lo n g ; racemes more than 9 cms 

l o n g , f l e x u o u s . 

S t o l o n i n t e r n o d e s over 12 cms l o n g , s t o u t . 

A. f l e x u o s u s . 

S t o l o n i n t e r n o d e s up t o 10 cms l o n g , s l e n d e r . 

A. compressus x f l e x u o s u s . 
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S p i k e l e t s l e s s than 2.7 mm l o n g ; racemes l e s s than 9 cms 

l o n g , s t r a i g h t . 

Peduncles s t r a i g h t ; leaves l a n c e o l a t e , 6 - 9 mm 

wide, sub-acute; f e r t i l e lemma w i t h a conspicuous 

a p i ca 1 t u f t o f h a i r s . A. compressus. 

Peduncles f l e x u o u s ; leaves l i n e a r , 3 - 7 mm wide, 

a b r u p t l y obtuse t o sub-acute; f e r t i l e lemma w i t h 

an inconspicuous or no a p i c a l t u f t o f h a i r s . 

A. a f f i n i s . 

The f o l l o w i n g t a b l e of c h a r a c t e r s i s supplementary 

t o the b i o m e t r i c comparison c o n t a i n e d i n Table 3* 
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Table 1 

A. A. A. A. A. 
compressus b r e v i p e d . f l e x u o s u s arenosus a f f i n i s 

f e r t i l e + equals 3/4 l e n g t h 2/3 l e n g t h 2/3 l e n g t h equals 
f l o r e t glume of glume of glume of glume glume 

anth e r pale y e l l o w - dark brown- dark 
c o l o u r mauve brown mauve mauve mauve 

stigma pale pale dark mauve dark 
c o l o u r mauve mauve mauve mauve 

glume obtuse sub-acute sub-acute obtuse obtuse 
apex t o o t h e d t o o t h e d t o o t h e d t o o t h e d e n t i r e 

glume 
nerves 4 - 5 5 5 - 7 5 (- 7) '4 

l e a f few, h i s p i d , g l a b r o u s , g l a b r o u s , few, 
h a i r s margin margin margin + margin + margin 

c i l i a t e c i l i a t e c i l i a t e c i l i a t e c i l i a t e 

l e a f asymmetric asymmetric + symmet­ symmetric symmetric 
apex sub-acute •+ obtuse r i c , sub­

acute 
sub-acute obtuse 

innova­
t i o n s -f- e r e c t prone e r e c t + e r e c t ascending 

peduncles l o n g not e x s e r t e d not l o n g 
e x s e r t e d e x s e r t e d e x s e r t e d e x s e r t e d 

s t o l o n s u s u a l l y 
s h o r t 

e x t e n s i v e massive 
arched 

few, 
s h o r t 

e x t e n s i v e 

h a b i t t u f t e d spreading rank, 
matted 

t u f t e d 
and 
spreading 

spreading 

h a b i t a t bush paths d i t c h e s f l o o d m a r i t i m e o n l y i n 
e t c . banks p l a i n s c u l t i v a ­

t i o n 

Table of some o f the c h a r a c t e r s which d i s t i n g u i s h f i v e species of 

Axonopus. 
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I n v e s t i g a t i o n s on m a t e r i a l 

brought i n t o c u l t i v a t i o n 
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S e l e c t i o n of m a t e r i a l 

The use of Axonopus compressus - sensu l a t o - f o r 

lawns e t c . has played a d e f i n i t e p a r t i n the spread of the com­

pl e x throughout West A f r i c a . One consequence o f t h i s i s t h a t 

Axonopus appears as a r u d e r a l weed around h a b i t a t i o n s and on 

farms, embankments and d i t c h e s . Together w i t h the s h i f t i n g 

n a t u r e of West A f r i c a n a g r i c u l t u r e t h i s has l e d t o the i n t r o ­

d u c t i o n of Axonopus as a component o f secondary and d i v e r t e d 

p l a n t communities. Axonopus under c u l t i v a t i o n and Axonopus 

grov/ing i n h a b i t a t s which are n o t , and cannot be, c u l t i v a t e d 

r e p r e s e n t the two e x t r e m i t i e s of i t s occurrence i n West A f r i c a . 

Between these two c o n d i t i o n s , Axonopus occupies a wide range of 

h a b i t a t s i n which human a c t i v i t y may have been, has been or 

s t i l l i s p a r t l y r e s p o n s i b l e f o r i t s presence. Although these 

i n t e r m e d i a t e c o n d i t i o n s a r e , i n a sense, a r t i f i c i a l , they r e ­

present t r a n s i e n t stages i n secondary seres and, because i t i s 

v i r t u a l l y i m p o s s i b l e t o d i s c o v e r the past h i s t o r y of such h a b i ­

t a t s , i t i s reasonable t o r e g a r d them as n a t u r a l and t o r e g a r d 

Axonopus, i n them, as o c c u r r i n g sub-spontaneously. 

I n s e l e c t i n g m a t e r i a l f o r t h i s work, o n l y n a t u r a l 

p o p u l a t i o n s ( i . e . those i n which human i n t e r f e r e n c e was absent 

o r was e v i d e n t l y passive or u n i n t e n t i o n a l ) were sampled, No 

p o p u l a t i o n which looked as though i t might have been i n t e n t i o n ­

a l l y p l a n t e d was sampled f o r m a t e r i a l f o r c u l t i v a t i o n . Observa-
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t i o n s were made, however, on p l a n t e d p o p u l a t i o n s , f o r the pur­
pose of examining the e f f e c t s of imposed c o n d i t i o n s and t r e a t ­
ments upon the morphology of the v a r i o u s t a x a . These observa­
t i o n s are considered l a t e r . 

I n a l l cases of c o l l e c t i o n by the w r i t e r (see Appendix 

2 ), t e n p l a n t s were s e l e c t e d a t random from the p o p u l a t i o n . 

M a t e r i a l o b t a i n e d f r o m o t h e r sources was o b t a i n e d e i t h e r as 

whole p l a n t s o r as seed. Whole p l a n t s were sto o d i n water f o r 

24 hours and were then p l a n t e d i n ex p e r i m e n t a l beds. Seeds 

were germinated on steam s t e r i l i z e d s o i l i n p l a s t i c p o t s , and 

were then p l a n t e d o u t , e i t h e r i n exp e r i m e n t a l beds or i n t o deep 

wooden boxes u n t i l c o n d i t i o n s were s u i t a b l e f o r p l a n t i n g o u t . 

The f i r s t year of growth i n ex p e r i m e n t a l beds, i n a l l 

cases, produced a c l o s e d cover, almost e n t i r e l y due t o vegeta­

t i v e spread, i n which the i d e n t i t y o f the o r i g i n a l p l a n t s was 

l o s t . 

S e l e c t i o n of c h a r a c t e r s f o r i n v e s t i g a t i o n 

The w r i t e r ' s f i r s t encounter w i t h Ax0110pus was i n 

19555 when he i d e n t i f i e d h i s f i r s t c o l l e c t i o n u s i n g the F l o r a 

of West T r o p i c a l A f r i c a (Hutchinson and D a l z i e l , 1938 ) . The 

agreement w i t h the d e s c r i p t i o n was so s l i g h t t h a t f u r t h e r c o l ­

l e c t i o n s were made and the c o l l e c t i o n s i n the S i e r r a Leone 

A g r i c u l t u r a l Department herbarium, Bf j a l a , were examined. A 

number of sheets i n the Jtfjala c o l l e c t i o n were found t o bear the 



- 20 -

name Axonopus a f r i c a n u s Hubbard but the o n l y notes as t o the 

d i s t i n g u i s h i n g f e a t u r e s o f t h i s 'species' r e f e r r e d t o i t s having 

l o n g e r s p i k e l e t s than A. compressus. A few p l a n t s were c o l ­

l e c t e d and grown i n pots and were found t o remain d i s t i n c t i n 

respect of a number of mo r p h o l o g i c a l c h a r a c t e r s , i n a d d i t i o n t o 

s p i k e l e t l e n g t h . These c h a r a c t e r s i n c l u d e d : -

1. The d e n s i t y of t i l l e r i n g . 

2 . The p r o d u c t i o n and l e n g t h o f s t o l o n s . 

3. Height. 

4. E x s e r t i o n of i n f l o r e s c e n c e s . 

5« Leaf s i z e . 

6. C o l o r a t i o n of leaves e t c . by anthocyanin. 

7. H a i r i n e s s . 

8. Anther and stigma c o l o u r s . 

9. F r u i t i n g . 

O r i g i n a l l y these m a t e r i a l s were c l a s s i f i e d as A. com­

pressus o r A. a f r i c a n u s (an i l l e g i t i m a t e name proposed by 

Hubbard f o r long s p i k e l e t m a t e r i a l and which appeared i n 

Deighton's 'Vernacular B o t a n i c a l Vocabulary f o r S i e r r a Leone' 

1957) • I"t soon became obvious t h a t p o p u l a t i o n s d i d not f a l l 

i n t o two simple c a t e g o r i e s b ut r a t h e r i n t o t h r e e (A. compressus, 

101 e t c . , i n Appendix 2 , A. f l e x u o s u s , 201 e t c . , and A. com­

pressus subsp, b r e v i p e d u n c u l a t u s , 301 e t c . ) . The second and 

t h i r d of these c a t e g o r i e s were l a t e r found t o be f u r t h e r 
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d i v i s i b l e ; the second i n t o A. f l e x u o s u s and a p u t a t i v e h y b r i d 

and the t h i r d i n t o A. b r e v i p e d u n c u l a t u s , a p u t a t i v e h y b r i d and 

A. arenosus. 

The e a r l y r e c o g n i t i o n of t h r e e c a t e g o r i e s arose f r o m 

the f a c t t h a t much of the long s p i k e l e t m a t e r i a l had c h a r a c t e r ­

i s t i c s h o r t peduncles. Both Henrard's (1945) d e s c r i p t i o n of 

A. compressus subsp. congoensis and Peter's (1950) d e s c r i p t i o n 

of D i g i t a r i a f l e x u o s a (which Hubbard, i n c o n v e r s a t i o n , had sug­

gested t o the w r i t e r was the b a s i s of what had become known as 

A. a f r i c a n u s , but which should become A. f l e x u o s u s ) r e f e r t o 

t h e i r t a l l h a b i t and l o n g , f l e x u o u s i n f l o r e s c e n c e s . The t h i r d 

c a t e g o r y , e r e c t e d as A. compressus subsp. b r e v i p e d u n c u l a t u s 

G l e d h i l l (1962), was set up t o i n c l u d e m a t e r i a l w i t h l o n g , h a i r y 

s p i k e l e t s , s h o r t peduncles and leaves which were h i s p i d above 

and f r e q u e n t l y anthocyanosed. 

Characters such as r e d p i g m e n t a t i o n and h a i r i n e s s and 

a r c h i n g of s t o l o n i n t e r n o d e s do not l e n d themselves t o easy, 

c r i t i c a l comparison i n the same way as nu m e r i c a l or dimensional 

c h a r a c t e r s . These c h a r a c t e r s were recorded, t h e r e f o r e , i n a r b i ­

t r a r y terms; e.g. v e r y h a i r y , + + +, h a i r y , + +, s p a r s e l y 

h a i r y , +, g l a b r o u s , -, f o r a n t h e r and stigma c o l o u r , dark mauve, 

mauve, pale mauve, or by comparison w i t h the c o n d i t i o n found i n 

A. compressus. 

Both seasonal and environmental changes were found t o 
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"be accompanied by v a r i a t i o n i n g e n e r a l dimensions. This v a r i ­

a t i o n was d e t e c t e d when measurements of ge n e r a l dimensions were 

made i n January, A p r i l and October ( i . e . i n the e a r l y p a r t , a t 

the end and a t the b e g i n n i n g of the d r y season) and were com­

pared. The c h a r a c t e r s chosen f o r the b i o m e t r i c comparison of 

the taxa were found t o express the d i f f e r e n c e s i n g e n e r a l dimen­

sions adequately and r e l i a b l y . They were:-

1. Lengths of culm, c u l m - l e a f and culm-sheath. 

2. Dimensions of t i l l e r - l e a v e s . 

3. Dimensions of s t o l o n i n t e r n o d e s . 

4. Length of the lo n g e s t raceme. 

5. Length of s p i k e l e t s and f e r t i l e f l o r e t . 

I n a d d i t i o n , comparisons were made o f the average numbers of 

s p i k e l e t s produced on a s i n g l e culm, the h a i r i n e s s of nodes, 

leaves and s p i k e l e t s , the weight of f r u i t s and the percentage 

of p o l l e n which s t a i n e d w i t h aceto-carmine. 

With the l a t e r r e c o g n i t i o n of p u t a t i v e h y b r i d t a x a , 

anatomical c h a r a c t e r s of the s p i k e l e t s , l e a v e s , s t o l o n s and 

r o o t s were examined. 

Methods of sampling c u l t i v a t e d m a t e r i a l 

As has been s t a t e d , the i d e n t i t y o f the o r i g i n a l t e n 

p l a n t s i n each e x p e r i m e n t a l bed was l o s t a f t e r they had t o g e t h e r 

formed a cl o s e d cover. This d i d not prevent repeated sampling, 

however, and the ex p e r i m e n t a l p o p u l a t i o n s were examined i n 
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October and January, each year from 1957 t o 1963* A p r i l ex­
aminations were d i s c o n t i n u e d because dieback and s c o r c h i n g p r e ­
vented adequate sampling. 

The method of s e l e c t i n g m a t e r i a l from the e x p e r i m e n t a l 

beds was t o remove t e n specimens, from d i f f e r e n t p a r t s of the 

bed, each specimen having a t i l l e r w i t h culms and s t o l o n s . This 

ensured a g a i n s t the p o s s i b i l i t y of o b t a i n i n g as a sample mate­

r i a l which was a l l the product of o n l y one of the o r i g i n a l 

p l a n t s . 

By making two measurements f o r each c h a r a c t e r on each 

of the specimens, a sample of twenty measurements was o b t a i n e d . 

The s t o l o n i n t e r n o d e s were scored by measuring the 

l e n g t h s of the b a s a l i n t e r n o d e and the a n t i p e n u l t i m a t e i n t e r n o d e 

o f each o f t e n s t o l o n s . This was thought more l i k e l y t o p r o v i d e 

more a c c u r a t e l y comparable f i g u r e s because of the d i f f e r e n c e s 

which e x i s t between the t a x a , i n respect of the number of i n t e r ­

nodes which are n o r m a l l y produced (A. f l e x u o s u s and A. compressus 

x f l e x u o s u s , f o r example, produce l o n g but few-noded s t o l o n s ) . 

I t was a l s o thought t h a t t h i s method of sampling would t e n d t o 

c o r r e c t e r r o r s T/hich might otherwise have r e s u l t e d from measur­

i n g i n t e r n o d e s a t d i f f e r e n t stages of development. 

I n n o v a t i o n leaves were sampled by measuring the lowest 

unwithered l e a f on the i n n o v a t i o n . The dimensions of these 

leaves have not been employed i n the b i o m e t r i c comparison be-
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cause they depend upon the age and s t a t e of development of the 
s t o l o n and a l s o upon the s t a t e of es t a b l i s h m e n t of the inno v a ­
t i o n i t s e l f . Since the s t o l o n s of some taxa are t r u e 'creeping 
stems' and those of o t h e r taxa are arched and, f i n a l l y , g e n i ­
c u l a t e , i t was thought t h a t no t r u e comparison c o u l d be made 
between r o o t e d and a e r i a l i n n o v a t i o n leaves. The c h a r a c t e r i s t i c 
i n c l i n a t i o n s of the i n n o v a t i o n leaves were recorded and have 
been mentioned i n Table 1. 

Raceme l e n g t h v a r i e s on one and the same peduncle. 

The upper two racemes are of ap p r o x i m a t e l y equal l e n g t h s b ut 

the t h i r d ( o r lowest i f t h e r e are more than t h r e e ) i s l o n g e r . 

Since some peduncles have o n l y two racemes, i t was decided t o 

employ the c h a r a c t e r 'longest raceme' i n preference t o the mean 

of a sample. 

S p i k e l e t dimensions were scored f r o m b u l k , mature, 

f a l l e n s p i k e l e t s . I n s c o r i n g these dimensions, o n l y undamaged 

s p i k e l e t s were used. Aphid damage c o u l d be d e t e c t e d as pe r ­

f o r a t i o n of the second glume, u s u a l l y accompanied by f u n g a l i n ­

f e c t i o n . F a l l e n but n o n - f r u i t i n g s p i k e l e t s were scored. The 

reason f o r t h i s d i s c r i m i n a t i o n was t h a t a p h i d a t t a c k of young 

s p i k e l e t s causes them t o f a l l p r e m a t u r e l y , b ut some s p i k e l e t s , 

which have not been a t t a c k e d , grow t o t h e i r f u l l s i z e w i t h o u t 

f r u i t i n g . This i s p a r t i c u l a r l y the case i n the s t e r i l e p u t a t i v e 

h y b r i d s . 



Methods of measurement 

Measurement of the culm, i t s l e a f and sheath, of 

t i l l e r leaves and s t o l o n s were made w i t h a s t e e l s c a l e , gradu­

a t e d i n h a l f m i l l i m e t e r s . This p e r m i t t e d e s t i m a t i o n of l e n g t h s 

t o the nearest t e n t h of a m i l l i m e t e r . 

The s m a l l e r measurements were made m i c r o s c o p i c a l l y , 

u s i n g a x2 o b j e c t i v e and a x6 o c u l a r and w i t h the body l e n g t h 

a d j u s t e d t o convert the eyepiece g r a t i c u l e d i v i s i o n s i n t o e q u i ­

v a l e n t s of 100 stage d i v i s i o n s each of 0 .05 mm. 
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B i o m e t r i c comparison of the t a x a 
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Comparison of morphologies,! dimensions 

Tables 2 , 3 and 4 attempt t o compare the dimensions 

of v a r i o u s s t r u c t u r e s i n each of the t a x a . 

Table 2 i s based upon samples of 20 measurements f o r 

each parameter, except i n the case of s p i k e l e t l e n g t h , f o r v/hich 

samples of 100 were employed. The measurements were made i n 

October, 1 9 6 1 . I n a d d i t i o n t o the sample means, the t a b l e g i v e s 

the standard e r r o r s of many of the means (be i n g those which were 

most e x t e n s i v e l y i n v e s t i g a t e d ) and, i n the lower p a r t of the 

t a b l e , a r b i t r a r y assessments of the h a i r i n e s s of the nodes, 

leaves and s p i k e l e t s . 

I t w i l l be seen t h a t f o r most of the parameters the 

taxa, d i f f e r w i d e l y , even when they are grown s i d e by s i d e . 

Thus, d i f f e r e n c e s which were f i r s t n oted i n the f i e l d are shown 

t o be more than phenotypic responses t o the i n f l u e n c e s of the 

environments. Sh o r t e n i n g of the peduncles was at f i r s t thought 

t o be e n t i r e l y due t o c u t t i n g or t r a m p l i n g b u t , a l t h o u g h such 

a response does occur, as w i l l be discussed l a t e r , the p e r s i s ­

tence of such s h o r t e n i n g i n t h r e e of the taxa i n d i c a t e s t h a t i n 

those t a x a the c o n t r o l of the s h o r t peduncle c h a r a c t e r i s gene­

t i c . 

The standard e r r o r s of the means in. Table 2 p r o v i d e 

expressions of the v a r i a b i l i t y w i t h i n each sample and a l s o i n ­

d i c a t e the s i g n i f i c a n c e of d i f f e r e n c e s between mean values f o r 
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Table 2 
Characterisation of the taxa - the means are f o r samples of 20 
measurements, 100 i n the case of sp i k e l e t length, f r u i t weight and 
djo good pol l e n , and the lower f i g u r e s are standard e r r o r s . 

Culm length 2 6 . 3 
+ 0 . 3 4 

5 2 . 8 
+ I . 6 3 

5 6 . 8 
+ 1.11 

1 9 . 2 
+ 0 . 5 5 

1 4 . 3 
+ 0 . 4 3 

1 4 . 2 
+ 0 . 0 2 

2 7 . 9 
± 0 . 5 5 

Culm-sheath 9 . 1 
± 0 - 3 9 

1 5 . 6 
+ 0 . 4 1 

2 5 . 0 
+ 0 . 0 2 

1 3 . 4 
+ 0 . 3 3 

1 1 . 4 
+ 0 . 3 4 

8 . 6 
+ 0 . 0 3 

1 4 . 5 
+ 0 . 3 2 

Culm-leaf 6 . 6 
+ 0 . 3 1 

8 . 4 
+ 0 . 2 2 

7 . 2 
+ 0 . 0 9 

7 . 1 
+ 0 . 2 8 

4 . 8 
+ 0 . 2 5 

2 . 9 
+ 0 . 3 0 

3 . 9 
+ 0 . 1 3 

T i l l e r - l e a f 
length 

1 5 . 7 
± 0 . 2 4 

4 1 . 4 
+O.46 

2 4 . 3 
+O.67 

1 1 . 4 
± 0 - 4 3 

1 2 . 3 
± 0 . 3 4 

1 1 . 1 
+ 0 . 4 2 

1 7 . 3 
+ 1.04 

T i l l e r - l e a f 
width (mm) 

9 - 9 
± 0 . 3 3 

1 4 . 7 
+ 0 . 1 7 

2 0 . 9 
+ 0 . 1 9 

9-5 
+O.46 

1 3 . 5 
+ 0 . 0 9 

1 5 . 2 
+ 0 . 2 0 

7 . 0 
+ 0 . 1 2 

Stolon 
internode 

5 - 4 
+ 0 . 1 5 

7 . 5 
+ 0 . 2 1 

2 6 . 4 
± 0 . 3 3 

2 . 6 
± 0 . 0 4 

2 . 5 
+ 0 . 0 7 

4 . 6 
+ 0 . 1 5 

1.3 
+ 0 . 1 2 

Stolon width 
(mm) 

1.3 2 . 3 4 . 5 2 . 3 2 . 2 2 . 7 1 .2 

Longest raceme 7 . 0 1 4 . 0 1 6 . 0 8 . 0 6 . 0 8 -5 6 . 5 

Spikelet 
length (mm) 

2 . 2 
+ 0 . 0 2 0 

2 . 9 
+ 0 . 0 3 0 

3-3 
+ 0 . 0 2 2 

2 . 7 
+ 0 . 0 2 2 

2 . 8 
+ 0 . 0 2 : 

3 . 2 
+ 0 . 0 4 3 

2 . 3 
+ 0 . 0 2 3 

F e r t i l e f l o r e t 1.6 1-9 2 . 0 1.8 1.8 1 .9 1.8 

Spikelets/oulm 210 422 370 265 172 197 205 

F r u i t weight 
mgm/lOO 

20 - 30 - 30 30 20 

f> good pollen 96 17 96 30 87 95 96 

Nodal hairs + — + + + +• + — -»-

Le&f hairs + — — + + + — — 

Spikelet h a i r s + + — + -t- + + + 
A B C D E F G 

A - A. compressus E - A. brevipedunculatus 
B - A. compressus x flexuosus F - A. arenosus 
C - A. flexuosus G - A. a f f i n i s 
D.- A. brevipedunculatus x compressus 
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pairs of taxa. I f the difference "between two mean values i s 
less than twice the standard e r r o r , the difference could have 
arisen through sampling e r r o r s , "but i f the difference exceeds 
twice the standard e r r o r , there i s a high p r o b a b i l i t y that the 
means are derived from two d i s t i n c t populations which e x h i b i t 
l i t t l e or no overlap. 

The v a r i a b i l i t y w i t h i n each taxon can also be ex­

pressed as the Co e f f i c i e n t of Va r i a t i o n ((standard deviation 

x 100) -r mean) and some f i g u r e s are given i n Table 3« 

Table 3 

Coefficients of V a r i a b i l i t y 
(The taxa are r e f e r r e d to i n the same order as i n Table 2 . ) 

Culm length 5 - 6 4 1 3 . 3 8 6 . 7 7 1 2 . 4 8 1 3 . 1 1 0 . 1 9 8 . 5 9 

Culm-sheath 1 8 . 6 8 I I . 4 6 0 . 3 8 1 1 . 7 4 1 3 . 0 0 1 . 9 1 9 . 6 2 

Culm-leaf 8 . 6 1 1 1 . 4 1 0 . 5 4 1 7 . 1 9 2 2 . 7 1 4 5 . 0 9 1 4 . 6 9 

T i l l e r l e a f 
length 6 . 6 6 4 . 8 4 1 2 . 0 0 1 6 . 4 4 1 2 . 0 5 1 6 . 1 0 2 6 . 2 0 

T i l l e r leaf 
width 1 4 - 5 3 5 . 0 4 3.96" 2 1 . 1 1 2 . 9 1 0 . 5 7 7 - 3 7 

Stolon 
internode 1 2 . 1 1 1 2 . 2 0 5 -45 6 . 7 1 1 2 . 1 9 1 4 . 2 1 4 0 . 2 4 

Spikelet 
length 9 - 0 4 1 0 . 2 9 6 . 6 3 8 . 1 1 8 . 1 7 1 3 . 3 8 9 . 9 5 

A B C D E P G 

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

f i n i s and the culm le a f length of A. arenosus. A. compressus i s 

seen to be variable i n culm-sheath length, t i l l e r - l e a f width and 
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stolon internode length. A. compressus x flexuosus i s least 
variable i n i t s t i l l e r - l e a f dimensions but i s more variable i n 
most of the other parameters than e i t h e r of i t s putative par­
ents. A. flexuosus i s very uniform i n a l l but t i l l e r - l e a f 
length. A. brevipedunculatus x compressus i s f a i r l y variable 
i n a l l but stolon internode and s p i k e l e t lengths. A. b r e v i ­
pedunculatus i s also f a i r l y variable i n a l l but leaf width and 
spikelet length. A. arenosus i s very variable i n l e a f , stolon 
internode and spikelet lengths but i s very uniform i n the other 
parameters. A. a f f i n i s i s variable i n leaf dimensions and 
stolon internode length. 

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

be intermediate between i t s putative parents i n a l l the para­

meters except leaf lengths, the numbers of spikelets per culm 

and the percentage of good pollen produced (the two l a s t w i l l 

be discussed l a t e r ) . This i n i t s e l f suggests that i t i s hybrid 

and appears to be confirmed by the greater v a r i a b i l i t y exhibited, 

by i t . 

Table 2 also suggests that A. brevipedunculatus x com­

pressus has intermediate dimensions between those of i t s puta­

t i v e parents. The greater resemblance to A. 'brevipedunculatus 

i n most of the characters suggests that i n t r o g r e s s i o n to that 

parent may have taken place. As w i t h the other hybrid, the v a r i ­

a b i l i t y of A. brevipedunculatus x compressus i s generally greater 
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than that of e i t h e r of the putative parents. 

Table 4 attempts to emphasise the differences between 

the taxa by comparing the means of the parameters. I n i t , 

t-values of 3*29 or less can be i n t e r p r e t e d as showing that 

there i s no s i g n i f i c a n t difference between that p a r t i c u l a r p a i r 

of mean values. More s t r i c t l y , such low t-values indicate that 

the differences may have arisen through sampling errors. Of 

the various parameters, none i s found to be of value i n diag­

nosing every one of the taxa. Each taxon can, however, be 

characterised by one or a pai r of parameters. Thus, the culm-

sheaths of A. flexuosus are of s i g n i f i c a n t l y d i f f e r e n t length 

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

culate . S i m i l a r l y , t i l l e r - l e a f width characterises A. a f f i n i s 

and culm height combined w i t h culm-sheath length characterises 

A. arenosus. 

One point which appears from Table 4 i s that s p i k e l e t 

length alone can not be employed to define any one of the taxa. 

This i s an important point i n the taxonomy of t h i s group and 

w i l l be considered i n greater d e t a i l i n connection w i t h the 

changes i n spi k e l e t length which r e s u l t from seasonal changes 

and from h a b i t a t conditions, i n the section on v a r i a b i l i t y . 

The comparison of spikelet lengths i n Table 4 suggests 

that there i s a s l i g h t significance i n the difference between 

A. a f f i n i s and A. compressus but that there i s very l i t t l e be-
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Table 4 
Significance of Differences between means 

(the taxa are re f e r r e d to i n the same order as i n Table 2 ) 

A B C D E F 
Culm lengths 

B 1 5 . 9 

C 2 6 . 2 2 . 0 

D 1 1 . 0 1 9 . 6 3 0 . 3 

E 2 1 . 8 2 2 . 9 3 5 - 6 7 . 1 

P 3 0 . 6 2 3 . 7 3 9 . 2 9 . 2 0 . 2 

G 2 . 5 1 4 . 5 2 3 . 3 1 1 . 2 1 9 . 4 2 4 . 8 

Culm-sheaths 
B 1 1 . 4 

C 4 0 . 3 2 2 . 7 

D 8 . 4 4 . 2 3 5 - 3 

E 4 . 4 7 . 8 3 9 - 5 4 . 2 

P 1.3 I 6 . 9 5 0 0 . 7 1 4 . 6 8 . 1 

G 1 0 . 7 2 . 1 3 2 . 4 2 . 4 6 . 6 1 8 . 3 

Culm-leaves 
B 4 . 7 

C 1.8 5 . 0 

D 1.2 3 . 7 0 . 3 

E 4 . 5 1 0 . 8 9 - 1 6 . 2 

F 8 . 6 1 4 . 9 1 3 . 9 1 0 . 3 4 . 9 

G 8 . 0 1 7 . 6 2 1 . 2 1 0 . 5 3 . 2 3 . 1 

T i l l e r - l e a v e s 
B 4 9 . 8 

C 1 2 . 1 2 0 . 9 

D 8 . 8 4 7 . 6 1 6 . 2 

E 8 . 2 5 0 . 4 1 5 . 9 1 .6 

F 9 . 5 4 8 . 4 1 6 . 7 ' 0 . 5 2 . 2 

G 1.5 2 1 . 2 5 . 6 5 . 2 4 . 6 5 -5 
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Table 4 contd. 

A B C D E P 
T i l l e r - l e a f widths 

B 1 2 . 9 

C 2 8 . 9 2 4 . 3 

D 0 . 7 1 0 . 6 2 2 . 9 

E 1 0 . 5 6 . 2 3 5 . 4 8 . 5 

F 1 3 . 7 1.9 2 0 . 9 1 1 . 4 6 . 9 

G 8 . 2 3 6 . 6 6 1 . 6 5-2 4 2 . 8 3 5 . 3 

Stolon internodes 
B 8 . 3 

C 5 7 . 9 4 8 . 4 

D I 8 . 4 2 3 . 3 7 1 . 1 

E 1 7 . 9 2 3 . 0 7 0 . 5 1.2 

P 3 . 8 1 1 . 3 5 4 . 6 1 2 . 6 1 2 . 5 

G 2 1 . 4 2 9 . 5 9 8 . 7 9 - 9 8 . 5 1 6 . 8 

Spikelets 
B 2 0 . 6 

C 3 7 - 8 1 0 . 8 

D 1 7 . 2 5 . 4 1 9 . 3 

E 2 0 . 1 2 . 6 1 5 . 7 3 - 1 

P 2 1 . 3 5 . 7 2 . 1 1 0 . 3 8 . 2 

G 3 . 4 1 5 . 9 3 1 . 4 1 2 . 6 1 5 . 4 I 8 . 5 
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tween A. flexuosus and A» arenosus. Neither putative hybrid i s 
s i g n i f i c a n t l y d i f f e r e n t from A. hrevipedunculatus hut the hybrids 
themselves are d i f f e r e n t . 

The comparative f i g u r e s f o r the numbers of spikelets 

produced per culm can be i n t e r p r e t e d as comparative reproductive 

p o t e n t i a l s , and are considered as such i n 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. a f f i n i s , w i t h com­

parable s p i k e l e t and raceme lengths, also resemble each other 

i n the number of racemes produced on each culm. A. flexuosus 

and A. arenosus, on the other hand, have comparable sp i k e l e t 

lengths but the l a t t e r has fewer, shorter racemes. A. flexuosus 

and A. compressus x flexuosus d i f f e r i n that the lower spikelets 

of the l a t t e r are separated along the raceme by i n t e r v a l s ap­

proximately twice the length of the s p i k e l e t s , while the number 

of racemes produced by the hybrid g r e a t l y exceeds that produced 

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

have a f a s c i c l e d appearance. 
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V a r i a b i l i t y 
The data i n Tables 2 , 3 and 4 do not present a f u l l 

p i c t ure of the extremes of v a r i a t i o n w i t h i n a taxon or of the 

morphological overlap between taxa. Specimens c o l l e c t e d from 

the same habitat at d i f f e r e n t seasons, or from d i f f e r e n t habi­

t a t s at the same season, were found to have widely d i f f e r e n t 

dimensions, but were also found to become inseparable when grown 

under the same conditions. S i m i l a r l y , c e r t a i n treatments, such 

as trampling and mowing, were found to induce great morpholo­

g i c a l modifications which can be regarded as phenocopies of 

other taxa. 

Pour approaches have been made to the study of the 

v a r i a b i l i t y exhibited by Axonopus taxa f o r t h i s work. They a r e r 

1 . Culture of clonal material i n various s o i l types. 

2 . Culture of clonal material under two d i s s i m i l a r en­

vironments . 

3 . Mowing. 

4 . Biometric examination of cultur e d material at two 

seasons. 

1 . Culture of clo n a l material i n various s o i l types. 

The f i r s t of these approaches was an attempt to inves­

t i g a t e the a f f e c t s of various types of s o i l (sand, s t e r i l i z e d 

t o p s o i l , graded l a t e r i t i c s o i l s - from 1 .5 cm gravel down to 

those f r a c t i o n s 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 I t . Aureol, 101, was used). 

D i s t i l l e d water alone was supplied to these cultures 

but, apart from deficiency colourations and lesions which de­

veloped i n the sand and l a t e r i t i c s o i l c u l t u r e s , the d i f f i c u l t y 

of maintaining equivalent water supplies made i t doubtful that 

t h i s i n v e s t i g a t i o n would give any useable r e s u l t s . For example, 

evaporation from the sand and larg e r grained l a t e r i t i c s o i l 

cultures r a p i d l y produced a dry, protective surface layer i n 

which the plants were very loosely rooted. I n the t o p s o i l and 

f i n e l a t e r i t i c s o i l f r a c t i o n s , to which the same volumes of 

water were added, the s o i l was nearly water-logged and losses 

by evaporation were less. A co n t r o l experiment, using a free 

water surface of equal area to the exposed s o i l surfaces, showed 

rates of loss to the a i r of up to 0.1 cc per hour. I t was de­

cided, therefore, that the i n v e s t i g a t i o n could not reasonably 

be pursued without f a c i l i t i e s f o r c o n t r o l l i n g the environment 

and so reducing v a r i a t i o n s i n soil-water-content. The i n v e s t i ­

gation was abandoned i n favour of reciprocal t r a n s p l a n t i n g of 

clonal materials i n t o two d i s s i m i l a r environments. 

2. Culture of clonal material under tyro d i s s i m i l a r environments. 

Single plants were removed from the experimental beds 

and were divided i n t o two. Each p a i r of plants was potted i n 

s t e r i l i z e d l i t t e r t o p s o i l and one member of each p a i r was placed 
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i n a wet, shaded habitat while the other member of each p a i r 
was placed i n a dry, exposed h a b i t a t . The pots were watered 
every morning and every evening, throughout the i n v e s t i g a t i o n . 
The plants were examined frequently but, since i t was hoped to 
detect the extremes of v a r i a t i o n , only the outstandingly d i f ­
f e r e n t features were recorded. 

Under shaded, wet conditions, A. compressus was i n ­

distinguishable from West Indian material examined. Spikelet 

length increased to 2 . 3 mm and the longest lower leaf recorded 

was 20 cms long and was twisted i n t o a loose s p i r a l . Under the 

same conditions, A. brevipedunculatus produced spikelets 3 . 4 mm 

i n length and lower leaves up to 30 cms long and twi s t e d i n t o 

a somewhat t i g h t e r s p i r a l . A. compressus x flexuosus produced 

spikelets up to 4 mm i n length but the lower leaves, which were 

up to 30 cms long, were r i g i d l y erect and had a tendency to 

f o l d along the main nerves. 

Moderate shading a f f e c t s t i l l e r i n g and stoloniferous 

spread. Under shade a l l taxa produced stolons and the innova,-

tions from these rooted f i r m l y i n the surrounding s o i l . A. f l e ­

xuosus was most vigorous i n t h i s respect and A. compressus was 

least vigorous. F a i r l y heavy shade, however, reduced the vigour 
o f A. flexuosus i n terms of stolon production. Under exposed 

conditions, A. flexuosus i s the least stoloniferous taxon but, 

although the stolons produced by other taxa ( p a r t i c u l a r l y 
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A. a f ' f i n i s , A. brevipedunculatus x compressus and A. cotnpressus 
x flexuosus) may be extensive, t h e i r innovations seldom become 
established w e l l enough to p e r s i s t through the dry season. 

Exposure and d r i e r s o i l conditions stunted the growth 

of a l l taxa. A. brevipedunculatus and A. arenosus produced 

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

A. flexuosus produced tussocks w i t h few, i n i t i a l l y arching s t o ­

lons. Under exposed and d r i e r conditions, A. compressus x 

flexuosus was very s i m i l a r to West Indian A. compressus, p a r t i ­

c u l a r l y as i t s s p i k e l e t length was decreased to 2 . 7 mm. 

Differences i n s u s c e p t a b i l i t y to w i l t i n g were also 

noted. A. compressus w i l t e d most e a s i l y and before A. i'lexuosus. 

The leaves of A. a f f i n i s and A. compressus x flexuosus folded 

but remained r i g i d even to the state of dehydration from which 

they f a i l e d to revive a f t e r watering. A. brevipedunculatus and 

A. brevipeduncuiatus x compressus withstood dry conditions w i t h ­

out w i l t i n g and A. arenosus exhibited a s l i g h t tendency to l e a f 

f o l d i n g . The l a s t three taxa developed terminal leaf lesions 

which are c h a r a c t e r i s t i c of the f i r s t two, but not of the t h i r d , 

i n n a t u ral populations. 

Changes i n the habit of single plant pot c u l t u r e s , on 

which the above observations were made, are of the same nature 

as those observed i n less disturbed f i e l d p o p u l a t i o n s . I n these 

l a t t e r , such f a c t o r s as shading and water supply are influenced 
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by seasonal changes and topography. They therefore present a 
much more varied but less extreme picture of phenotypic changes 
i n morphology than do cultures under a r t i f i c i a l regimes. S o i l 
conditions i n the f i e l d are influenced by the type of surround­
ing vegetation, a g r i c u l t u r e and elevation and have a consider­
able e f f e c t on Axonopus. The most cosmopolitan taxa, A. com­
pressus , A. brevipedunculatus and A. brevipedunculatus x com­
pressus , f l o u r i s h on a range of or g a n i c a l l y r i c h s o i l s and sur­
vive on a g r i c u l t u r a l l y impoverished l a t e r i t i c s o i l and sands. 
A. flexuosus i s confined to f l u v i a l and a l l u v i a l s o i l s on 
seasonal f l o o d plains and i t s putative hybrid, A. compressus x 
i'lexuosus, has a wider d i s t r i b u t i o n on. s i m i l a r , i n l a n d s o i l s . 
A. arenosus i s confined to sandy s o i l s which can best be com­
pared w i t h grey dune s o i l s . The l a s t taxon i s d i f f i c u l t to 
c u l t i v a t e on non-sandy s o i l s , apparently because of the absence 
of the stimulus of b u r i a l by blown sand. A. flexuosus can be 
c u l t i v a t e d on l a t e r i t i c s o i l but loses vigour as a r e s u l t . On 
org a n i c a l l y r i c h s o i l , hairiness decreases, anthocyanin de­
creases and i n A. arenosus, A. brevipedunculatus and A. com­
pressus leaf width increases and the leaf margins become undu­
l a t i n g . 

3« Mowing. 

Mowing of Axonopus lawns was found to cause important 

morphological changes. Similar changes were observed i n n a t u r a l 
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populations which were grazed or trampled. Lawns are s t a r t e d 
by d i b b l i n g i n t u f t s of Axonopus at about 20 cm i n t e r v a l s . The 
i n i t i a l growth i s stoloniferous but consolidation of the t u r f 
i s l a r g e l y due to rhizomatous growth. I n order to maintain a 
close t u r f i t i s necessary to i r r i g a t e and mow f r e q u e n t l y . Two 
of the e f f e c t s of mowing are to prevent f l o w e r i n g and at the 
same time to encourage l a t e r a l vegetative spread. As the closed 
t u r f forms, the competition between plants increases. 

A. compressus, when mown, produces fewer stolons and 

those which are produced have shorter internodes. This i s 

p a r t l y due to the ascending posture of the young stolons and 

t h e i r i n a b i l i t y to penetrate, back through the t u r f , to the s o i l . 

The leaf-sheaths and leaf-blades become shorter and the leaves 

narrower, i n a close t u r f . Culms only form under humid and 

overcast conditions and they are then usually i n c l i n e d , rather 

than erect, and the inflorescences are shorter. The shortened 

culms resemble those of A. brevipedunculatus but f l o w e r i n g i s 

f r e e , although d i f f e r e n t from f l o w e r i n g i n i s o l a t e d plants. 

Each spikelet flowers soon a f t e r i t emerges from the mouth of 

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

the short racemes contain maturing f r u i t s by the time that the 

lowest spikelets are exposed. The peduncles seldom g r e a t l y ex­

ceed the leaf-sheath i n length. 

The narrow leaves may be as l i t t l e as 5 nim wide but 
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they remain d i s t i n c t from those of A. a f f i n i s because they are 
thinner, shorter and more acute at the apex. When a plant 
having narrow leaves and short culms i s removed from a lawn and 
cultured i n i s o l a t i o n , i t 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 f o r lawns, nor do they t o l e r a t e close 

mowing. They can be cut down to 10 cms but t h i s only exposes 

the s o i l and l i t t e r which always accumulates under t h e i r rank, 

high arching stolons. Ho morphological modifications have been 

noted to r e s u l t from such mowing. 

A. brevipedunculatus and A. brevipedunculatus x com­

pressus and, to a lesser extent, A. arenosus t o l e r a t e close 

mowing. They form rosettes i n which the crowded leaves are of 

reduced length but normal width. Shortening of the culms i s 

pronounced and, as the peduncles are also shortened, only as 

few as ten spikelets may be exposed beyond the mouth of the 

leaf-sheath. I n A. brevipedunculatus and A. arenosus f r u i t i n g 

occurs w i t h i n the sheath. 

A. a f f i n i s responds slowly to mowing and does not con­

solidate as w e l l as A. compressus. I t forms a somewhat open 

t u r f w i t h 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 c u t t i n g by cyl i n d e r mowing machines and 
no morphological changes i n culm length have been detected. 

4« Biometric examination of cultured material at two seasons. 

Seasonal v a r i a t i o n i h four characters i s demonstrated 

i n Table 5 f ° r four taxa. These four characters were chosen 

because they are those which have been employed by others to 

d i s t i n g u i s h the taxa and also because the culm dimensions are 

important i n expressing the external appearance of the taxa. 

Table 5 i s compiled from measurements accumulated between 1957 

and 1963? except i n the case of A. a f f i n i s f o r which the f i g u r e s 

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 
errors _ 

mean values and t h e i r standard deviations ( s ( x ) ) are recorded 

and the values f o r January and October are compared by the use 

of Student's t t e s t . Values of t less than 3 ' 2 9 have probabi­

l i t i e s greater than 1 i n 1000 that the v a r i a t i o n i n question ' 

could be due to sampling er r o r s . The other values are s i g n i ­

f i c a n t l y d i f f e r e n t and show that there i s a seasonal change i n 

the size of the organ concerned. 

Because the 'Christmas rains' and 'Harmatthan wind' 

vary i n i n t e n s i t y from one year to the next, and because the 

wet season may end i n October or continue i n t o December, the 

table i s s t r i c t l y a comparison of two monthly means and does 



Table 5 
Seasonal Vari a t i o n i n Dimensions 

Mean , s(Z) t 
A. compressus 
Culm length Jan. 

Oct. 
27.2 
28.7 

0.3083 
0.3626 

3.25 

Culm-sheath Jan. 
Oct. 

8 . 1 
8 .9 

0.1163 
0.1268 4.77 

Culm-leaf Jan. 
Oct. 

6.4 
7-7 

O.O968 
O.IO48 9.18 

Spikelet Jan. 
Oct. 

2 . 1 
2 . 1 

O.OO89 
0.0109 1.40 

A. .compressus x flexuosus 
Culm length Jan. 

Oct. 
52.8 
51.3 

0.5263 
0.4346 

2 .19 

Culm-sheath Jan. 
Oct. 

25 .4 
23.9 

0.3014 
0.2479 3.84 

Culm-leaf Jan. 
Oct. 

8.7 
8 . 1 

0.1867 
0.2046 

2.17 

Spikelet Jan. 
Oct. 

2 .8 
3.0 

0.0173 
0.0152 7-37 

A. brevinedunculatus 
Culm length Jan. 

Oct. 
I 8 . 5 
24 .3 

0.2988 
0.3042 13-49 

Culm-sheath Jan. 
Oct. 

10.2 
13.6 

0.1460 
0.1933 

13.32 

Culm-leaf Jan. 
Oct. 

3-5 
5-8 

0.1077 
0.0927 

16.12 

Spikelet Jan. 
Oct. 

2.5 
2 .8 

0.0105 
0.0020 23.58 

A. a f f i n i s 
Culm length Jan. 

Oct. 
22.8 
27.9 

O.5192 
0.3406 8 .21 

Culm-sheath Jan. 
Oct. 

9 . 1 
11.5 

0.1392 
0.1287 

12.92 

Culm-leaf Jan. 
Oct. 

2 .9 
3.9 

0.0818 
0.0512 

IO .37 

Spikelet Jan. 
Oct. 

1.9 
2 .0 

0.0138 
0.0014 4.07 
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not n e c e s s a r i l y compare the two extremes of seasonal v a r i a t i o n . 

S i g n i f i c a n t l y d i f f e r e n t dimensions are shown t o occur 

i n the culm-sheath arid, c u l m - l e a f of A. compressus, the culm-

sheath and s p i k e l e t l e n g t h of A. compressus z f l e x u o s u s and i n 

a l l f o u r c h a r a c t e r s i n A. b r e v i p e d u n c u l a t u s and A. a f f i n i s . 

I t would appear from Table 5 "that seasonal changes i n 

s p i k e l e t l e n g t h s of A. compressus and A. compressus x f l e x u o s u s 

are not as g r e a t as those induced by d i f f e r e n c e s i n h a b i t a t 

c o n d i t i o n s . This may i n d i c a t e t h a t shading may i n f l u e n c e s p i k e -

l e t l e n g t h s more than water r e l a t i o n s . 

The s p i k e l e t l e n g t h s of A. compressus and A. a f f i n i s 

r ecorded i n Tables 2 and 5 deserve comment. I n Table 2 these 

are g i v e n as 2.2 mm and 2.3 nim r e s p e c t i v e l y . These dimensions 

are based upon a s i n g l e sample taken i n October, 1961, a t which 

time A. a f f i n i s had j u s t been e s t a b l i s h e d i n S i e r r a Leone and 

was showing v e r y g r e a t v i g o u r of growth. I n f a c t , i t m u l t i p l i e d 

so r a p i d l y t h a t i t i s now being p l a n t e d i n preference t o A. com­

pressus . The g r e a t e r s p i k e l e t l e n g t h of A. a f f i n i s may have 

been due t o the i n c r e a s e d v i g o u r of p ^ l a n t s grown from s e l e c t e d 

seed under West A f r i c a n c o n d i t i o n s b u t , i n comparative terms, 

i t i s a l s o due t o the West A f r i c a n m a t e r i a l of A. compressus 

having s h o r t e r s p i k e l e t s than West I n d i a n m a t e r i a l . The c o r ­

responding f i g u r e s g i v e n f o r s p i k e l e t l e n g t h s i n Table 5 present 

a d i f f e r e n t p i c t u r e . A. compressus t h e r e has a s p i k e l e t l e n g t h 



- 45 -

of 2.1 mm (based on the combined samples) and A. a f f i n i s o f 
2.0 ram. This suggests t h a t the i n i t i a l v i g o u r of the l a t t e r 
has ceased (a very common f e a t u r e i n many c u l t i v a t e d p l a n t s i n 
S i e r r a Leone). 

C o r r e l a t i o n of culm dimensions 

A f u r t h e r i n v e s t i g a t i o n o f the r e l a t i o n s h i p between 

culm l e n g t h ( t h e d i s t a n c e between, the u l t i m a t e node and the apex 

o f the i n f l o r e s c e n c e , y,) and the l e n g t h o f the u l t i m a t e l e a f -

sheath, x, i s c o n t a i n e d i n Table 6. Prom the 1962/63 samples o f 

20 measurements,taken from the same c u l t u r e s as i n Table 5> a 

l i n e a r r e l a t i o n s h i p , y « mx + c, was solve d f o r the constants 

m and c. The converse r e l a t i o n s h i p , x s m^y + c^, was a l s o 

s o l v e d f o r m̂  and c^. These s o l u t i o n s were o b t a i n e d by sub­

s t i t u t i o n o f the e x p e r i m e n t a l values ob.tained f o r ^ x , ^ x ^ , 

^ 1 •> ^ y ^ j a n <3- i n t o the d e r i v e d r e l a t i o n s h i p s , m{x^ + c£x 5= 

^ x y and m^x + Nc = ^y and the e q u i v a l e n t converse r e l a t i o n s h i p s , 

m^y^ + c ^ y = ^xy and + « {x. From the values thus 

c a l c u l a t e d f o r m and m^, the c o r r e l a t i o n c o e f f i c i e n t r was c a l ­

c u l a t e d as:-

r = - ym.m^ 

As the values o f r always f a l l between +1 and -1 and as a value 

of aero i n d i c a t e s a complete absence of c o r r e l a t i o n , the r values 

p r o v i d e a n u m e r i c a l index of the u n i f o r m i t y of the r e l a t i o n s h i p 

between the two l i n e a r c h a r a c t e r s , w i t h i n egch taxon. I t can 



FIGURE 2 

Spikelets of the seven West African taxa. 

The drawings i l l u s t r a t e the comparative s i z e s and 

shapes of the spikelets, f e r t i l e f l o r e t s and ovaries. They 

also compare the hairiness of the spikelets and the s i z e of 

the apical t u f t of hairs on the f e r t i l e lemma. 

1. A. a f f i n i s 
2. A. compressus 
3. A. hrevipedunculatus x compressus 
4. A. tprevipedunculatus. 
5 . A. compressus x flexuosus 
6. A. flexuosus 
7. A. arenosus. 



J 
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p e d i c e l i n a c o n c a v i t y i n the t r i q u e t r o u s r a c h i s . Since these 
c o n c a v i t i e s a l t e r n a t e t o the l e f t and r i g h t of the a b a x i a l 
margin of the r a c h i s , they c o n f e r a sinuous appearance upon i t . 
The lower glume i s reduced t o an inconspicuous r i m , which faces 
the r a c h i s because of the i n v e r s e or a d a x i a l p o s i t i o n of the 
s p i k e l e t . The lower f l o r e t i s reduced t o i t s lemma (th e s t e r i l e 
lemma), which resembles the second glume. The upper, f e r t i l e 
f l o r e t i s hermaphrodite and has s u b s i m i l a r lemma and palea; 
the former may or may not have an a p i c a l t u f t o f h a i r s (see 
f i g u r e 2 ) . 

The two l o d i c u l e s are s h o r t , b r o a d l y cuneate s t r u c ­

t u r e s . The t h r e e stamens have sm a l l a n t h e r s , by comparison w i t h 

the l e n g t h of the s p i k e l e t . The ovary has a b i p a r t i t e , plumose 

stigma. 

The v a s c u l a r supply t o the s p i k e l e t shows no signs 

o f r e s u p i n a t i o n i n the p e d i c e l but runs l o n g i t u d i n a l l y inwards, 

f o r m i n g a l a r g e plexus i n the r a c h i l l a (see f i g u r e 3 ) • From 

t h i s plexus t h e r e d i v e r g e s u p p l i e s t o the v a r i o u s organs of the 

s p i k e l e t . Also present i n the r a c h i l l a i s a mass of s c l e r e n -

chyma a t the base of the f e r t i l e f l o r e t and an a b s c i s s i o n l a y e r 

below the glume and s t e r i l e lemma. 

Jfo evidence of i n t e r g e n e r i c h y b r i d i s a t i o n was o b t a i n e d 

from i n v e s t i g a t i o n of s p i k e l e t s t r u c t u r e . The s p i k e l e t s of 

Paspalum d i f f e r from those of Axonopus p a r t i c u l a r l y i n shape 



FIGURE 3 . 

Arrangement of the parts of the s p i k e l e t . 

The drawing i s of a l a t e r a l v e r t i c a l section. I t 

shows the basal pedicel with two 'wings' which are the sides 

of the recess i n the rachis ( r ) . The vascular supply traverses 

the afescission layer (shaded) i n the base of the r a c h i l l a , and 

forma a plexus (u.p) from which traces pass to the parts of the 

sp i k e l e t . The margins of the upper glume (u.g.) and s t e r i l e 

lemma ( s . l ) overlap, and so do those of the f e r t i l e lemma ( f . l ) 

and palea ( f . p ) . There i s a layer of fibrous tissue ( s c . ) at She 

tease: of the f e r t i l e f l o r e t . The lodicules ( l . ) are notched at 

the apex. The ovary has two stigmas. The stamens are not shown. 



FIGURE 3 
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( t h e y are o r b i c u l a r , plano-convex) and by be i n g a b a x i a l . 

• D i f f e r e n c e s which were noted i n s p i k e l e t s t r u c t u r e 

are set out i n Table 7« These are i n g e n e r a l support of the 

taxonomy as proposed e a r l i e r . 

Table 7 

Characters of the s p i k e l e t and c a r y o p s i s 

( t h e t a x a are r e f e r r e d t o i n the same o r d e r as e a r l i e r ) 

Glume veins 4-5 5 5-7 5 5 5(-7) 4 

Glume h a i r s few-
many 

few few or 
none 

copious 

i 

f ew 

Glume apex s c a t l tered hj 
1 

r a l i n e t e e t h 
i 

+ e n t i r e 

R e t i c u l a t i o n 
o f lemma 

i i 

minutely 

i 

r rugose 
i 

v e r y 
f i n e l y 
•rugose 

H a i r t u f t 
on lemma C O n s p i c i l O U S 

1 —. 

reduced 
abse 
very 
red 

n t o r 
• much 
.uced 

F e r t i l e f l o r e t 
/glume l e n g t h equa.1 2/3 ±2/3 2/3 -- 3/4 ± 2/3 +equal 

Embryo/grain 
l e n g t h 1/3 ? +1/2 ? 1/2 

A B C D E F G 

Caryopsis and embryo 

The taxa d i f f e r c o n s i d e r a b l y i n the development of 

the c a r y o p s i s ; these d i f f e r e n c e s mainly concern the c y t o l o g y 

of embryo-sac f o r m a t i o n (which i s considered l a t e r ) but t h e r e 
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are a l s o d i f f e r e n c e s i n f r u i t s e t t i n g and the r e l a t i v e s i z e of 
the embryo t o the c a r y o p s i s . 

Low f r u i t s e t t i n g i s c h a r a c t e r i s t i c o f the two h y b r i d 

t a x a , A. compressus x f l e x u o s u s and A. b r e v i p e d u n c u l a t u s x com— 

pressus, and a l s o of d e s t r u c t i o n by aphids, p a r t i c u l a r l y i n 

A. compressus. 

I n bo/th A. b r e v i p e d u n c u l a t u s and A. .arenosus f r u i t s 

are formed w i t h i n s p i k e l e t s which remain enclosed w i t h i n the 

u l t i m a t e l e a f sheath. This c o n d i t i o n i s not found i n o t h e r 

t a x a . 

A l l the caryop_ses have punctate h i l a and, i n the 

mature s t a t e , are c l o s e l y embraced by the f e r t i l e palea and 

lemma. The f e r t i l e f l o r e t remains enclosed by the s t e r i l e lemma 

and second glume and a t m a t u r i t y the whole s p i k e l e t d i s a r t i c u ­

l a t e s a t the base of the r a c h i l l a . 

The embryo, i n a l l the t a x a , has a deep c l e f t between 

the c o l e o r h i z a and s c u t e l l u m and the base of the c o l e o p t i l e i s 

remote from the p o i n t a t which the s c u t e l l a r v a s c u l a r s t r a n d 

e n t e r s the embryo. There i s no e p i b l a s t . These are a l l f e a ­

t u r e s c h a r a c t e r i s t i c o f the P a n i c o i d grasses and no v a r i a t i o n 

was noted between the ta x a . 

D i f f e r e n c e s i n ca r y o p s i s s t r u c t u r e are a l s o c o n t a i n e d 

i n Table 7« 
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F l o w e r i n g a x i s 

The a b b r e v i a t e d c o n i c a l a x i s , b e a r i n g the i n f l o r e s ­

cences, and the s t o l o n s r e p r e s e n t two extremes i n the develop­

ment of the a e r i a l stem, i n Axonopus. I n the former, each i n ­

f l o r e s c e n c e i s produced from the a p i c a l meristem and the stem 

a x i s elongates from the a x i l of a reduced l e a f ( i f the e n t i r e 

s t r u c t u r e were t o be e l o n g a t e d , the c o n d i t i o n would resemble 

t h a t found i n many Andropogoneae). The a b b r e v i a t e d a x i s and 

i t s a c r o p e t a l s e r i e s of i n f l o r e s c e n c e s i s c o n f i n e d w i t h i n , and 

d e r i v e s mechanical support from, the u l t i m a t e l e a f - s h e a t h (see 

f i g u r e 4> a ) . The a b b r e v i a t e d a x i s c o n t a i n s a pelxus of anas­

tomosing v a s c u l a r bundles from which the i n f l o r e s c e n c e s and the 

reduced leaves r e c e i v e t h e i r s u p p l i e s . The peduncles of the 

i n f l o r e s c e n c e s have i n t e r c a l a r y meristerns, by which they e l o n ­

gate t o expose the s p i k e l e t s beyond the mouth of the l e a f - s h e a t h . 

The. v a s c u l a r arrangement i n the base of the u l t i m a t e 

l e a f - s h e a t h c o n s i s t s of a l t e r n a t i n g l a r g e and s m a l l bundles, 

each w i t h a l a r g e f i b r o L i s s u p p o r t i n g sheath which i s most p r o ­

nounced towards the p e r i p h e r y (see f i g u r e 4 5 b ) . At the sheath 

margins the f i b r e s alone are present and are s i t u a t e d immedi­

a t e l y under the e p i d e r m i s . At the mid-nerve a number of bundles 

i s grouped towards the p e r i p h e r y . The i n n e r epidermis c o n t a i n s 

conspicuous opals ( o p a l i n e s i l i c a c e l l s ) o v e r l y i n g the mid-nerve 

r e g i o n . Opals are not present i n the d e l i c a t e , reduced leaves 



FI&URE 4. 

The anatomy of the abbreviated conical axis bearing the 

inflorescences. 
a 

In^the arrangement of the ultimate leaf-sheath ( l . s . ) 

and three peduncles ( p i , p i i and p i i i ) are shown i n v e r t i c a l 

section. I n I , the arrangement of the ultimate leaf-sheath, f i r s t 

peduncle ( p i ) , f i r s t reduced l e a f ( r l i ) and conical axis (c.a) are 

shown i n transverse section. Vascular bundles (shaded) are shown 

i n b. 

The peduncles are l e a f opposed; p i to the leaf-sheath 

( l . s . ) , p i i to the f i r s t reduced l e a f ( r l i ) , p i i i to the second 

reduced l e a f ( r l i i ) , e t c . . 
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w i t h i n the sheath. 

The taxa d i f f e r i n the number of i n f l o r e s c e n c e s which 

are produced on the a b b r e v i a t e d a x i s and i n the dimensions of 

t h i s a x i s and the u l t i m a t e node, but n e i t h e r of these c h a r a c t e r s 

i s r e l i a b l e , t a x o n o m i c a l l y , since each i s a f f e c t e d by growing 

c o n d i t i o n s . 

S t o l o n i n t e r n o d e s 

U n l i k e the a b b r e v i a t e d a x i s , the lower p a r t of the 

f l o w e r i n g stem and the s t o l o n s have elongated i n t e r n o d e s whose 

i n t e r c a l a r y meristems alio?/ f o r t h e i r e l o n g a t i o n and a l s o f o r 

t h e i r upwards, g e n i c u l a t e c u r v a t u r e ( i n the case of flowering-

stems) or downwards, a r c h i n g c u r v a t u r e ( i n the case of s t o l o n s ) . 

I n the p e n u l t i m a t e i n t e r n o d e of the f l o w e r i n g stem t h i s elonga­

t i o n and c u r v a t u r e i s accompanied by r u p t u r i n g of the c e n t r a l 

parenchyma t o g i v e a f i s t u l o s e s t r u c t u r e . This i s seldom found 

t o occur i n the s t o l o n i n t e r n o d e s , except on d r y i n g . I n 9,11 

o t h e r s t r u c t u r a l r e s p e c t s these two types of stem are i d e n t i c a l 

and i n order t o o b t a i n comparable data f o r t h i s account s e c t i o n s 

were prepared from the t h i r d i n t e r n o d e of s t o l o n s , above the 

i n t e r c a l a r y meristem. 

The s t o l o n i n t e r n o d e s have a parenchymatous ground 

t i s s u e and the p e r i p h e r a l c e l l s of t h i s c o n t a i n c h l o r o p l a s t s . 

The c e n t r a l spongy parenchyma c o n s i s t s of enlarged c e l l s and 



l a r g e i n t e r c e l l u l a r spaces. Only i n the most massive s t o l o n s 

of A. f l e x u o s u s has the a p i c a l p o r t i o n of t h i s spongy parenchyma 

been observed t o become f i s t u l o s e b e f o r e d r y i n g o u t . 

Mechanical t i s s u e s ( f i g u r e 5) i n c l u d e a double l a y e r 

of sub-epidermal collenchyma c e l l s , the bundle sheaths and a 

band of sclerenchyma which d e l i m i t s the o u t e r ' c o r t i c a l ' paren­

chyma from the i n n e r 'medullary' parenchyma. 

The i n d i v i d u a l bundles are arranged somewhat i r r e g u ­

l a r l y i n t h r e e l a y e r s ; one w i t h i n the f i b r e l a y e r and c o n s i s t ­

i n g of l a r g e bundles, one w i t h i n or adjacent t o the f i b r e l a y e r 

and one o u t s i d e the f i b r e l a y e r . The innermost bundles are i n 

one t o t h r e e more or l e s s c o n c e n t r i c s e r i e s . The outermost 

bundles are s m a l l l e a f t r a c e bundles and are most conspicuous 

i n the l a r g e r s t o l o n s , w h i c h are r e l a t i v e l y more compressed. 

This suggests t h a t i t i s a mode of i n c r e a s i n g mechanical s u p p o r t . 

The bundles have a sheath of small diameter f i b r e s 

w i t h i n which the phloem c o n s i s t s of q u i t e l a r g e diameter sieve 

elements and the xylem c o n s i s t s of t h r e e r a d i a l l y t i e r e d p r o t o -

xylem vessels f l a n k e d on each side by a s i n g l e l a r g e metaxylem 

v e s s e l . I n the more elongated s t o l o n s lysigenous c a v i t i e s may 

form near the protoxylem. Fusion of bundles, e s p e c i a l l y i n the 

r e g i o n of the f i b r e l a y e r , r e s u l t s i n an a.mphivasal s t r u c t u r e . 

The d i f f e r e n c e s i n s t o l o n anatomy are summarised i n 

Table 8 and i l l u s t r a t e d i n f i g u r e 5. 



FIGURE 5 . 

Variation i n stolon anatomy. 

The drawings are of transverse sections of the t h i r d 

(antepenultimate) internode, above the i n t e r c a l a r y meristem. 

The most obvious differences are those of s i z e , the arrangement 

of the vascular bundles, and the width of the fibrous ¥and ( S c . ) . 

a. A. arenosus 

b. A. brevipedunculatus 

c. A. a f f i n i s 

d. A. compressus 

e. A. flexuosus. 
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Table 8 

D i f f e r e n c e s i n s t o l o n s t r u c t u r e 

(The numbers r e p r e s e n t i n c r e a s i n g orders of conspicuousness. 

The t a x a are r e f e r r e d t o i n the same ord e r as e a r l i e r . ) 

Size i n TS 2 5 7 4 3 6 1 

K e e l i n g 7 6 2 5 4 3 1 

F i b r e l a y e r 2 1 3 1 1 1 1 
Bundles i n 3 1 .1 1 2 1 3 f i b r o u s l a y e r 3 1 3 

A B C D E F G 

F i g u r e 5 shows d i a g r a m a t i c a l l y the arrangement of the 

bundles and f i b r e l a y e r s i n A. compressus (d), A. arenosus (41), 

A. f l e x u o s u s (e) , A. b r e v i p e d u n c u l a t u s (b) and A. a f f i n i s (e) . 

I t can be seen t h a t the w i d t h of the f i b r o u s l a y e r i s accen­

t u a t e d by the j u x t a p o s i t i o n of bundles and i s most conspicuous 

i n A. f l e x u o s u s and A. compressus. The s m a l l number of l e a f 

t r a c e bundles i n A. compressus and A. a f f i n i s suggests t h a t i n 

these two species the t r a c e s remain a s s o c i a t e d w i t h the f i b r o u s 

l a y e r i n s t e a d of r u n n i n g outwards i n t o the o u t e r parenchyma as 

i n the o t h e r species. 

The s t o l o n i n t e r n o d e i s the e q u i v a l e n t of the peduncle 

i n o n t o g e n e t i c terms. The development of the peduncles, however, 

i s d e f i n i t e and leads t o the p r o d u c t i o n of the racemes. That 

of the s t o l o n i s i n d e f i n i t e i n so f a r as each i n t e r n o d e forms 



FIGURE 6 

SEEDLINGS OF A.COMPRESSUS 

a. . The coleorhiza penetrates the f e r t i l e lemma and glume 

•before the rad i c l e emerges. The coleoptile attains a length 

of about 4mm, before i t i s ruptured by the f i r s t l e a f . 

b. The f i r s t l e a f i s i n i t i a l l y i n r o l l e d and erect, but 

expands and becomes incli n e d at an angle of 1+5°} or l e s s , as 

i t matures. 
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as a consequence of the a c t i v i t y of the a p i c a l meristem and 

t h i s process i s r e p e t i t i v e . The i n n o v a t i o n s , l i k e the a b b r e v i ­

a t e d a x i s of the culm, i s a x i l l a r y but u n l i k e the a b b r e v i a t e d 

a x i s an i n n o v a t i o n may g i v e r i s e t o a l a t e r a l s t o l o n and so 

e x h i b i t f u r t h e r i n d e f i n i t e growth. This l a s t i s commonly found 

i n A. compressus, A. arenosus, A. b r e v i p e d u n c u l a t u s , A. b r e v i -

pedunculatus x compressus and A. a f f i n i s . I n A. f l e x u o s u s the 

h i g h a r c h i n g s t o l o n s have up t o 4 v e r y l o n g i n t e r n o d e s and the 

lower nodes do not come i n t o c o n t a c t w i t h the s o i l . The i n n o ­

v a t i o n s a t these lower i n t e r n o d e s produce branches from which 

one t o s e v e r a l f l o w e r i n g shoots may a r i s e . The apex of the 

s t o l o n produces a t e r m i n a l f l o w e r i n g shoot and sometimes a l s o 

a number of e x t r a v a g i n a l ones. The h y b r i d A. compressus x 

f l e x u o s u s a l s o produces e x t r a v a g i n a l f l o w e r i n g shoots. 

The l e a f 

The f i r s t l e a f of the s e e d l i n g r u p t u r e s the coleop-

t i l e when the l a t t e r i s some 4 mm i n l e n g t h , i n d i s h germinated 

seeds. The l e a f i s i n i t i a l l y i n r o l l e d but expands t o about 

9 mm i n l e n g t h and 2 mm i n w i d t h (see f i g u r e 6 ) . I t becomes 

i n c l i n e d a t an angle of 45°) or l e s s , t o the h o r i z o n t a l . Being 

.broad, r e l a t i v e t o the l e n g t h , and spreading are b o t h P a n i c o i d 

f e a t u r e s . 

The epidermis of grass leaves i s c h a r a c t e r i s e d by 



FIG-UEB 7. 

Variation i n the form of l e a f epidermal c e l l opals. 

A. The range of form of the s i l i c e o u s "bodies found in 

the l e a f epidermis of A.compressus. Top row:- plan views of 

dumb-bell, two forms of t r i - p a r t i t e , and cruciform opals. 

Second row p r o f i l e of dumb-bell opal ( l e f t ) , and a s i l i c e o u s 

plate from an i n t e r c o s t a l c e l l . 

B. Plan and p r o f i l e views of dumb-bell opal from 

A fbrevipedunculatus. 

C. Plan and p r o f i l e views of t r i p a r l i t e and dukb-bell opals 

from A.flexuosus. 

D. Plan and p r o f i l e views of dumb-bell opal from 

A.arenosus. 

E. Plan and p r o f i l e views of dumb-bell opal from A . a f f i n i s . 



ex3 3 8 

B<3 B C 

L 

F I G U R E 7 



FI&URE 8. 

CHARACTERS OF THE LEAP EPIDERMIS. 

a. Opaline s i l i c a c e l l s i n the epidermis above one of 

the larger subsidiary l e a f veins (above) and cruciform opals i n 

epidermal c e l l s above s small vein. One stomum i s shown i n the 

i n t e r c o s t a l region, with triangular subsidiary c e l l s . 

b. Two examples of short hairs from the l e a f margin. 

c. Orbicular base of an epidermal h a i r , sunk beneath the l e v e l 

of the epidermal c e l l s . 
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having some c e l l s w i t h s i l i c e o u s c o n t e n t s . These o p a l i n e s i l i c a 

c e l l s are s h o r t c o s t a l c e l l s i n which the o p a l s , or s i l i c a 

b o d ies, are dumb-bell shaped or a b b r e v i a t e d t o a c r u c i f o r m shape 

or s l i g h t l y elongated t o a t r i p a r t i t e , n o d u l a r shape. The range 

of v a r i a t i o n i n opal shape i s i l l u s t r a t e d i n f i g u r e 7« 

The opals are produced i n 3 t o 5 rows over and below 

the l a r g e r v e i n s and i n s i n g l e rows over and below the sub­

s i d i a r y v e i n s ( f i g u r e s 8, a and 9)• - ne i n t e r c o s t a l l o n g c e l l s 

have sinuous w a l l s , those between the stomata b e i n g q u i t e s h o r t 

and having concave ends ( f i g u r e 8, a ) . Macro-hairs, when p r e ­

sent, have sunken o r b i c u l a r bases and are t h i c k w a l l e d and 

t a p e r i n g ( f i g u r e 8, c ) . Stomata are s u p e r f i c i a l and have t r i ­

a n g ular s u b s i d i a r y c e l l s . 

The g e n e r a l s t r u c t u r e o f the l e a f , as seen i n t r a n s ­

verse s e c t i o n , i s shown i n f i g u r e 9* '-ke numerous v a s c u l a r 

bundles are not conspicuously angular. The s m a l l e r bundles con­

s i s t of an i n n e r ( f i b r o u s ) sheath of as few as f o u r sclerenchyma 

c e l l s , no d i s t i n c t o u t e r sheath, few t r a c h e i d s and l i t t l e phloem.. 

The l a r g e r bundles have a s i n g l e i n n e r sheath ( i s ) , an i n d i s ­

t i n c t o u t e r sheath l a y e r , i n t r a v a s c u l a r f i b r e s ( i f ) between the 

f a i r l y copious phloem and xylem and b l o c k s of narrow diameter 

f i b r e s , or g i r d e r sclerenchyma (g) e i t h e r between the bundle 

sheath and the lower epidermis or between the sheath and b o t h 

the upper and lower e p i d e r m i s . The term g i r d e r i s a p p l i e d 



FIGURE 9. 

VARIATION IN LEAF ANATOMY 

1. General structure, as seen i s transverse section i n 

the region of a large subsidiary vein. HC, hinge c e l l s of 

the upper epidermis. LS, single inner sheath of vascular 

bundle. G, girder sclerenchyma above subsidiary bundle. 0, 

opaline s i l i c a c e l l s . I F , intravascular f i b r e s . M, mesophyll. 

2. Median region of A.brevipedunculatus, showing adaxial 

girder (hatched) median vascular bundle ( s o l i d ) and abaxial 

hinge c e l l s . 

3. Median nerve region of A.flexuosus, showing deep "V-shaped 

appearance of hinge c e l l s . 

4. Median nerve region of A.arenosus showing shallow 

V-shaped appearance of hinge c e l l s . 
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because of the resemblance between these f i b r o u s s t r u c t u r e s 
and the web of a g i r d e r . The p r i n c i p a l bundles have l a r g e ab-
a x i a l g i r d e r s but the a d a x i a l ones are r e p l a c e d by groups of 
l a r g e h i n g e - c e l l s ( h e ) , the c o l l a p s e of which r e s u l t s i n the 
le n g t h w i s e f o l d i n g of the leaves on d r y i n g . The median k e e l i s 
conspicuous w i t h a s i n g l e a b a x i a l l y g i r d e r e d bundle and two or 
t h r e e s u b s i d i a r y bundles l a t e r a l l y . The hinge c e l l s above the 
median nerve sho?/ d i f f e r e n c e s i n the s e v e r a l t a x a and some of 
these are i l l u s t r a t e d i n f i g u r e 9. 

The mesophyll has an i n c i p i e n t p a l i s a d e s t r u c t u r e 

( f i g u r e 9 , m) a d a x i a l l y t o the s m a l l e r bundles but i s otherwise 

s e m i - r a d i a l . Apart f r o m d e p r e s s i o n s over the p r i n c i p a l nerves, 

the upper epidermis i s smooth. When pr e s e n t , h a i r s have t h e i r 

bulbous bases sunken i n the epidermis of the i n t e r c o s t a l bands. 

The lower epidermis i s smooth. 

H a i r s on the l e a f 'margins ( f i g u r e 8, b) are e i t h e r 

l o n g and t a p e r i n g , f r o m a sunken o r b i c u l a r base, or are s h o r t 

and s l i g h t l y curved, from the two rows of t h i c k e n e d m a r g i n a l 

c e l l s . These l a t t e r are supported by two submarginal rows a l s o 

c o n s i s t i n g of t h i c k w a l l e d c e l l s . 

The main anatomical d i f f e r e n c e s i n l e a f s t r u c t u r e s 

are summarised i n Table 9* 



_ 64 -

Table 9 

Leaf anatomy 

(The main f e a t u r e s which d i s t i n g u i s h a taxon, o n l y , are p r e ­

sented. The tax a are r e f e r r e d t o i n the same ord e r as e a r l i e r . ) 

Opals 
t h i c k e r 

i n 
p r o f i l e 

horned 
i n 

p r o f i l e 
many 

c r u c i f o r m 

G i r d e r s most p r o ­
nounced 

Hinge c e l l s 
l a r g e , 

i n deep V 
rounded 
s h a l l o w 

V 

Mesophyll 
l e a s t 

p a l l i s a d e 
l i k e 

Epidermal 
h a i r s 

none most 
copious 

few none 

Mar g i n a l 
l o n g h a i r s few few or 

none 
few 

w i d e l y 
spaced 

M a r g i n a l 
s h o r t h a i r s 

( t e e t h ) 
most p r o ­
nounced 

A B C D. E F G 

The r o o t 

The young r o o t has a u n i f o r m epidermal l a y e r of e l o n ­

gated c e l l s . Root h a i r s a r i s e c e n t r a l l y from these. I n t r a n s ­

verse s e c t i o n the epidermal c e l l s are s l i g h t l y e longated r a d i a l l y 

and t h e i r r a d i a l and i n n e r w a l l s are t h i c k e n e d . The o u t e r c o r -
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t i c a l parenchyma i s composed of i s o d i a m e t r i c c e l l s towards the 
o u t s i d e and t i e r s o f t r a p e z o i d a l c e l l s towards the c e n t r e . Uo 
d i s t i n c t endodermal l a y e r i s e v i d e n t i n the young r o o t . The 
i n n e r parenchyma i s spongy and envelopes up t o twenty p r i m a r y 
v a s c u l a r elements. 

Root h a i r s p e r s i s t throughout most of the l e n g t h of 

o l d r o o t s and o n l y a f t e r the f o r m a t i o n of a f o u r c e l l t h i c k 

l a y e r of f i b r e i n the outermost c o r t e x are the p i l i f e r o u s and 

hypodermal l a y e r s sloughed o f f . W i t h i n the f i b r o u s l a y e r the 

c o r t e x becomes lacunar towards the o u t s i d e ( f i g u r e 10) and the 

t r a b e c u l a r p o r t i o n s o f t e n c o l l a p s e . The endodermis of o l d e r 

r o o t s i s w e l l developed and has v e r y t h i c k i n n e r and r a d i a l 

w a l l s . W i t h i n the endodermis the s t e l a r r e g i o n developes as a 

f i b r o u s ground t i s s u e w i t h i n which about t e n metaxylem elements 

can be d e t e c t e d ( t h e number v a r i e s w i t h the s i z e of the r o o t ) . 

The c e n t r i f u g a l protoxylem i s compressed and d i f f i c u l t t o d i s ­

t i n g u i s h from the f i b r e . Phloem groups are more numerous than 

metaxylem elements; u s u a l l y about t h r e e times as numerous. 

Since no v a r i a t i o n i n r o o t anatomy has been d e t e c t e d , 

which was not r e l a t e d t o r o o t s i z e , and since s i z e v a r i a t i o n 

i n a s i n g l e p l a n t i s c o n s i d e r a b l e , no value can be a t t r i b u t e d 

t o r o o t anatomy as a taxonomic c r i t e r i o n w i t h i n t h i s group. I t 

i s of i n t e r e s t , however, t h a t the n u m e r i c a l r e l a t i o n s h i p between 

phloem and xylem groups has not been noted by M e t c a l f e (I96O) 



ITG-URE 1 0 

1, Transverse s e c t i o n of young r o o t . Beneath the p i l i f e r o u s 

l a y e r , the outer c o r t i c a l parenchyma (oc) i s composed of 

i s o d i a m e t r i c c e l l s , and the i n n e r c o r t i c a l parenchyma i s composed 

of r a d i a l l y t i e r e d c e l l s . The primary vascular elements (px) 

are shown, shaded. 

2, Transverse s e c t i o n of an o l d r o o t . The r o o t h a i r s ( r h ) 

p e r s i s t f o r some time, a f t e r the f o r m a t i o n of the f i b r o u s l a y e r 

( f ) i n the outer c o r t e x . W i t h i n the f i b r o u s l a y e r , the cortex 

becomes l a c u n a r ( l ) . W i t h i n the endodermis (e) the s t e l a r region 

has a f i b r o u s ground t i s s u e , i n which are shown e i g h t metaxylem 

elements. 
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i n h i s t r e a t i s e on the anatomy of the grasses; e s p e c i a l l y as 

t h i s f e a t u r e i s t o be seen i n ho t h Paspalum con.jugatum and 

P. commersonii, the l a t t e r being d e s c r i b e d i n some d e t a i l by 

M e t c a l f e . I t i s c l e a r t h a t l a r g e metaxylem elements do not 

form i n every primary xylem group. This l a c k of d i f f e r e n t i a t i o n 

and the copious f o r m a t i o n of sclerenchyma may account f o r the 

apparent discrepancy. 

A number of anatomical d i f f e r e n c e s are of taxonomic 

importance. 

The r e l a t i v e l e n g t h s of the f e r t i l e f l o r e t and the 

glume, a l t h o u g h a f f e c t e d by environmental changes i n o v e r a l l 

s p i k e l e t l e n g t h as d e s c r i b e d e a r l i e r , p ermit the r e c o g n i t i o n o f 

A. compressus and A. a f f i n i s ( i n b o t h of which the f e r t i l e f l o ­

r e t almost equals the glume i n l e n g t h ) as d i s t i n c t from the 

o t h e r taxa ( i n which the glume i s c o n s i d e r a b l y longer than the 

f e r t i l e f l o r e t ) . The glume apex of A. a f f i n i s i s e n t i r e o r , 

at the most, o n l y s l i g h t l y i r r e g u l a r a t the margin. A l l the 

o t h e r taxa have minute h y a l i n e t e e t h on the margin of the glume 

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

i n A. f l e x u o s u s and A. arenosus. of i r r e g u l a r l a c i n i a t i o n s . 

The a p i c a l t u f t of h a i r s on the f e r t i l e lemma i s inconspicuous 

i n A. b r e v i p e d u n c u l a t u s and mostly l a c k i n g e n t i r e l y i n A. arenosus 
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and A. a f f i n i s . The nerves of the glume d i s t i n g u i s h A. f l e x u -
osus, a l t h o u g h A. arenosus may have a s i m i l a r nerve arrangement 

The l e n g t h of s t o l o n i n t e r n o d e s has a l r e a d y "been d i s ­

cussed. The anatomy of these p r o v i d e s the d i s t i n g u i s h i n g f e a ­

t u r e s of the l a r g e amount of sclerenchyma i n A. f l e x u o s u s and 

the most pronounced k e e l i n g i n A. compressus. 

A l l the taxa show much v a r i e t y i n the form of the 

opals of the l e a f e p i d e r m i s . A. f l e x u o s u s has t h i c k e r opals 

than any o f the o t h e r t a x a and A. arenosus opals appear t o have 

extended upper margins, when seen i n p r o f i l e , which g i v e them 

a horned appearance. The l a r g e h i n g e - c e l l r e g i o n of the l e a f , 

above the mid-nerve, i s most e x t e n s i v e i n A. f l e x u o s u s and i s 

l e a s t pronounced i n A. arenosus and A. a f f i n i s . This agrees 

w i t h the o b s e r v a t i o n s on w i l t i n g behaviour i n these t a x a . 

The evidence o b t a i n e d from the anatomical i n v e s t i g a ­

t i o n s supports the taxonomic p r o p o s a l s . 



C y t o i o g i c a l v a r i a t i o n 



W i t h i n the Paniceae the basi c chromosome number f o r 

the genera Oplismenus, Leptocox-yphium, Isachne, Paspalum, some 

species of Urochloa, Stenotaphrum , many species of Panicum i s 

1 0 , and t h i s i s a p p a r e n t l y the case i n some species of Axonopus 

and s e v e r a l o t h e r grass t r i b e s . Records of the chromosome nura-

hers of species of Axonopus i n c l u d e the f o l l o w i n g ; -

A. a r g e n t i n u s Parodi n - 1 5 P a r o d i , 1 9 3 8 . 

v a r . genuinus n - 1 8 

v a r . g l a b r i f l o r u s n=19 

v a r . g l a h r i p e s n=19 

v a r . h i r s u t u s n = l 8 • * 

A. hagenbachianus (O.Kze) Parodi n - 2 1 

A. l o n g i c i l i u s (Hackel) Parodi n=22 • • 

A. pressus ( l e e s ) Parodi n=23 * * 

A. s u f f u l t u s (Mik) Parodi n=23 • • 

• » 2n=«40 DeWet & Anderson, I 9 5 6 . 

v a r . p u b i f l o r u s n=23 P a r o d i , 1 9 3 8 . 

A. scoparius (Fltigge) H i t c h . 2n=20 Dedecca, V)^6. 

A. i r i d a c e u s (Mez) H i t c h . 2n=20 Nunez, i n P a r o d i , 1 9 4 6 . 

2n=20 Delay, 1 9 5 0 . 

A. compressus (Sw.) "Beauv. 2n=40 Janaki-Amal, 1945* 

2n=56--60 Nunez, i n P a r o d i , 1946 

• » 2n=40 , 5 0 , 6 0 Delay, 1 9 5 0 . 

A. f u r c a t u s (Flugge) H i t c h . 2n=40 Brown, 1950 -
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A. a f f i n i s Chase 2n=80 Burton, 1 9 4 2 . 

2n=80 Brown, 1 9 4 8 . 

Carnahan and H i l l , I 9 6 I , recorded the d i p l o i d number of A. af -

f i n i s as 54? but t h i s a p p a r e n t l y was due t o a card i n d e x i n g 

e r r o r by those authors ( p e r s o n a l communication). 

M a t e r i a l s and methods 

For the examination of somatic chromosome numbers, 

a c t i v e l y growing culms were s e l e c t e d a t random from the e x p e r i ­

mental beds and c u l t u r e d i n B r i s t o l ' s s o l u t i o n (Peacock, 1 9 4 0 ) . 

The r o o t s s e l e c t e d f o r examination were the newly d e v e l o p i n g 

a d v e n t i t i o u s r o o t s of up t o 1 cm l e n g t h and 0 . 5 mm diameter. 

Roots of these dimensions were found t o have more c e l l s i n d i ­

v i s i o n and t o have l a r g e r c e l l s than r o o t s of g r e a t e r or l e s s e r 

l e n g t h . C e l l d i v i s i o n was found t o be most a c t i v e d u r i n g the 

n i g h t and the culms were t r a n s f e r r e d t o a s o l u t i o n of a-mono-

bromo-naphthalene a t 8 . 0 p.m., i n which they were kept a t 12°C. 

f o r two t o t h r e e hours. This was found t o i n h i b i t s p i n d l e f o r ­

mation and t o prevent the clumping of the chromosomes, which i s 

a common f e a t u r e i n grasses. F i x a t i o n was a l l o w e d t o proceed 

o v e r n i g h t a t -6°C. i n "]0c/o a l c o h o l i n Ifo l a c t i c a c i d (Jacobsen, 

1 9 5 4 ) . This f i x a t i o n g i v e s m a t e r i a l which squashes e a s i l y and 

so a l l o w s the wide s e p a r a t i o n of the chromosomes. 

S y n t h e t i c Orcein (LaCour, 1941) was found t o g i v e good 

s t a i n i n g but tended t o d i f f e r e n t i a t e l e s s w e l l than i r o n - a c e t o -
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carmine. 

A number of t r a n s v e r s e s e c t i o n s was prepared by wax 

i m p r e g n a t i o n through a t e r t i a r y b u t y l a l c o h o l s e r i e s , s e c t i o n i n g , 

and s t a i n i n g w i t h Lugol's i o d i n e and c r y s t a l v i o l e t . There were 

found t o be l e s s u s e f u l than the squashes f o r chromosome number 

d e t e r m i n a t i o n . M e i o t i c chromosome behaviour was examined by 

p r e p a r i n g anther squashes. Young anthers were d i s s e c t e d out of 

the s p i k e l e t s on i n f l o r e s c e n c e s which were s t i l l c o n f i n e d w i t h i n 

the u l t i m a t e l e a f - s h e a t h . This was done a t 8 . 0 a.m. and the 

anthers were f i x e d f o r 24 hours i n the a l c o h o l / l a c t i c a c i d 

medium. I t was found p o s s i b l e t o s t o r e the anthers a t - 6°C. 

f o r s e v e r a l weeks. Microsporogenesis was i n v e s t i g a t e d by s p l i t ­

t i n g the anthers by hand, under a b i n o c u l a r microscope, and then 

proceeding as w i t h a r o o t - t i p squash, u s i n g i r o h - a c e t o - c a r m i n e . 

I n the f o l l o w i n g account of the c y t o l o g i c a l f i n d i n g s , 

the taxa are d e a l t w i t h i n d i v i d u a l l y and the m e i o t i c behaviour 

d u r i n g microsporogenesis i s expressed i n the t a b l e s as chromo­

some c o n f i g u r a t i o n s a t d i a k e n e s i s . Thus, b r a c k e t e d f i g u r e s i n ­

d i c a t e the o c c a s i o n a l o b s e r v a t i o n of a p a r t i c u l a r a s s o c i a t i o n 

( i v = q u a d r i v a l e n t , i i i = t r i v a l e n t , i i = b i v a l e n t , i => u n i ­

v a l e n t ) and ' m u l t i v a l e n t s ' s i g n i f i e s h i g h l y i r r e g u l a r behaviour 

i n which the chromosomes a s s o c i a t e d i n a complex mass and had 

the appearance of b e i n g ' s t i c k y ' , due t o numerous a t t e n u a t e d 
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i n t e r c o n n e c t i o n s . 

Table 10 

A. compressus 

M a t e r i a l Somatic number Bicrosporo^ ̂ enes i s 
i v i i i i i i 

1 0 1 4 0 ( - 4 2 ) - - 20 ( - 2 ) 

102 40 - - 20 -

103 4 0 ( - 4 4 ) ( - 1 ) - 20 ( - 4 ) 

104 40 - - 20 -
105 40 - - 20 -
106 40 - - 20 -

107 4 0 ( - 4 4 ) ( - 1 ) - 20 ( - 4 ) 

108 40 - - 20 -
109 40 - - 20 -

110 40 - - 20 -
1 1 1 40 - 20 -

( F i g u r e s 1 1 , a and b are of p r e p a r a t i o n s made from 1 0 2 . ) 

The somatic chromosome counts show a u n i f o r m i t y which 

serves t o c o n f i r m the mo r p h o l o g i c a l d e l i m i t a t i o n of the species. 

The h i g h e r somatic counts ( b r a c k e t e d f i g u r e s f o r 1 0 1 , 103 and 

107) were found i n o n l y a few of the r o o t s examined. 

Some d i f f i c u l t y was found i n o b t a i n i n g a s a t i s f a c t o r y 

d i s p e r s a l of the chromosomes and c e l l s were f r e q u e n t l y b u r s t . 

Since t h i s b u r s t i n g r a i s e d the p o s s i b i l i t y of l o s i n g chromosomes 



FIG-UKB 1 1 . 

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

"bromo naphthalene, showing h-0 chromosomes, of which one p a i r 

(arrowed) have conspicuous trabants. 

b. P.M.C. at diakinesis, showing 20 bivalents 

and a single nucleolus. 

(Phase contrast photomicrographs.) 
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b u r s t c e l l s were d i s r e g a r d e d and the c e r t a i n counts of 2n=40 
(see f i g u r e 1 1 , a) were made on i n t a c t c e l l s . These show one 
homologous p a i r of chromosomes w i t h conspicuous t r a h a n t s 
(arrowed i n the f i g u r e ) and i t may he t h a t i t i s the r u p t u r i n g 
of these which g i v e s r i s e t o the o c c a s i o n a l appearance of two 
a d d i t i o n a l chromosomes. Since, however, the evidence of the 
m e i o t i c counts shoves t h a t , i n the same m a t e r i a l s which occasion­
a l l y gave somatic counts g r e a t e r than 4 0 , a d d i t i o n a l u n i v a l e n t s 
or t e t r a v a l e n t s were o c c a s i o n a l l y observed, i t may be assumed 
t h a t a d d i t i o n a l or B-chromosomes are present i n some p l a n t s of 
t h i s species. The q u a d r i v a l e n t s recorded, i n 103 and 1 0 7 , might 
r e s u l t from secondary a s s o c i a t i o n which i s known t o occur be­
tween B-chromosomes, and a l s o between fragments, beca/use of 
t h e i r remote homology. The a s s o c i a t i o n supports the view t h a t 
A. compressus should be regarded as t e t r a p l o i d . 

I t must be mentioned, however, t h a t the s m a l l chromo­

somes of these grasses ( t h e l o n g e s t b i v a l e n t i n f i g u r e 1 1 , b i s 

les s than 3 . 8 microns) are d i f f i c u l t t o i n t e r p r e t when super­

imposed and t h a t the' i n t e r p r e t a t i o n as a q u a d r i v a l e n t may be 

i n c o r r e c t . 



FI&URE 12. 

A. flexuosus a. Hoot-tip squash, pretreated with a-mono-

•feromo naphthalene, showing 60 chromosomes. 

Ts. P.M.C., f i r s t anaphase, showing normal 

reduction. 

(Phase contrast photomicrographs), 
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Table 1 1 

A. f'lexuosus 

M a t e r i a l Somatic number Microsporogenesis 
i v i i i i i i 

203 60 30 

205 60 30 

206 60 30 

207 60 30 

( F i g u r e s 1 2 , a and b are from p r e p a r a t i o n s made from 2 0 6 . ) 

The somatic counts serve t o c o n f i r m the m o r p h o l o g i c a l 

r e c o g n i t i o n of t h i s s pecies. The somatic counts are confirmed 

by the r e g u l a r m e i o t i c f o r m a t i o n of 30 b i v a l e n t s . The regu ­

l a r i t y o f the m e i o t i c behaviour suggests an a l l o p o l y p l o i d con­

s t i t u t i o n . The species may be regarded as a h e x a p l o i d , d e r i v e d 

from the a m p h i d i p l o i d , compressus, b u t t h i s w i l l be con­

s i d e r e d i n g r e a t e r d e t a i l i n a l a t e r s e c t i o n . 

Table 12 

A. compressus x f l e x u o s u s 

M a t e r i a l Somatic number Microsporogenesis 
i v i i i i i i 

2 0 1 4 8 - 5 4 3 -4 ( 1 ) 1 7 - 1 9 (4) 

202 5 0 - 5 4 m u l t i v a l e n t s 

204 50 m u l t i v a l e n t s 

( F i g u r e s 1 3 , a and b are from p r e p a r a t i o n s made from 2 0 1 . ) 



FIG-TIRE 13. 

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

with a-monohromo naphthalene, showing 54 chromosomes:. 

fe. P .M.C. at dia k i n e s i s , showing 

' s t i c k i n e s s ' of chromosomes and a single nucleolus, 

(Phase contrast photomicrographs). 
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The somatic counts support the view t h a t these mate­
r i a l s are h y b r i d . The h a b i t a t of the 204 m a t e r i a l i s not known 
but the somatic complement suggests f o r m a t i o n of the h y b r i d by 
un i o n of x » 20 and x = 30 gametes. This might a l s o be the case 
i n the 2 0 1 and 202 m a t e r i a l s which, i n a d d i t i o n , have accumula­
t e d up t o f o u r a d d i t i o n a l chromosomes. The 2 0 1 m a t e r i a l a l s o 
suggests t h a t chromosome losses might have f o l l o w e d such a 
h y b r i d i s i n g process. No 2n = 60 m a t e r i a l has been d e t e c t e d i n 
the o r i g i n a l h a b i t a t of the 2 0 1 m a t e r i a l , however, so t h a t i t 
appears more l i k e l y t h a t they have r e s u l t e d f r o m a u n i o n between 
gametes b o t h of which c a r r i e d e x t r a chromosomes. This would 
g r e a t l y depend upon b o t h the gametes b e i n g f u n c t i o n a l and a l s o 
upon e i t h e r the pr e v i o u s accumulation of a d d i t i o n a l chromosomes 
or an i r r e g u l a r f i r s t d i v i s i o n s e g r e g a t i o n i n b o t h mega- and 
microsporogenesis. An a l t e r n a t i v e e x p l a n a t i o n might be t h a t 
these h i g h e r chromosome numbers have a r i s e n by the somatic ac­
cumulation of a d d i t i o n a l chromosomes alone. This would be 
f a c i l i t a t e d i n a c l o s e d t u r f , under c o n d i t i o n s f a v o u r i n g a l l 
the year a c t i v e growth, by the s t r o n g l y v e g e t a t i v e growth of 
these grasses. C l o n a l i n d i v i d u a l s formed thus would d i f f e r i n 
somatic number and would tend t o exclude s e e d l i n g s , by p h y s i c a l 
c o m p e t i t i o n . Seedlings would subsequently become l e s s f r e q u e n t 
due t o the chromosome c o n d i t i o n s causing i n c r e a s e d m e i o t i c 
i r r e g u l a r i t y . 



FIG-UKE 14. 

A.ferevipedunculatus. a. Root-tip squash, pretreated. 

with a-monobromo naphthalene, showing 40 chromosomes. 

Ttfi. P.M.C. at diak i n e s i s , showing 

20 bivalents and two nucleo l i (one mucii smaller than the 

other). 

(Phase contrast photomicrographs). 
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A l l these m a t e r i a l s are a p p r o x i m a t e l y p e n t a p l o i d and 
are t o Toe expected t o show "both m e i o t i c i r r e g u l a r i t y and i n f e r ­
t i l i t y . I t i s of i n t e r e s t t o note t h a t , i n 201, t e t r a v a l e n t s 
are formed r a t h e r than u n i v a l e n t s and t h a t i n a l l the m a t e r i a l s 
t h e r e i s a g r e a t amount of homology which leads t o the forma­
t i o n of m u l t i p l e chromosome c o n f i g u r a t i o n s r a t h e r than of b i -
v a l e n t s . These p o i n t s w i l l he discussed l a t e r . 

Table 13 

A. b r e v i p e d u n c u l a t u s 

M a t e r i a l Somatic number Microsporogenesis 
i v i i i i i i 

302 40 20 

306 40 20 

307 40(-42) 20 (-2) 

(Figures 14> a and b, are from p r e p a r a t i o n s made from 302.) 

These m a t e r i a l s are c y t o l o g i c a l l y s i m i l a r t o A. com-

pressus. The o c c a s i o n a l l y recorded somatic number of 42 Sould be 

again regarded as being due t o a c e n t r i c fragments and t h i s ap­

pears t o be confirmed by the o c c a s i o n a l o b s e r v a t i o n of two ' u n i ­

v a l e n t s ' d u r i n g microsporogenesis, but i t i s e q u a l l y probable 

t h a t the two e x t r a chromosomes are B-chromosomes, and t h i s i s 

the more l i k e l y e x p l a n a t i o n . 



FIGURE 15. 

A.Tarevipedunculatus x compressus. 

a. Root-tip squash, showing 40 chromosomes. Pretreated 

with a-monobromo naphthalene. The darkest mark at the l e f t i s an 

ar t e f a c t . 

b. P.M.C. at diakinesis, showing 14 bivalents (16 were 

distinguishable i n the preparation), a t r i v a l e n t ( i i i ) , a quadri­

valent ( i v ) and a univalent ( i ) . Two nucle o l i are also v i s i b l e . 

(Pase conrast photomicropraphs) 
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Table 14 

A. b r e v i p e d u n c u l a t u s x compressus 

M a t e r i a l Somatic number Microsporogenesis 
i v i i i i i i 

301 40 ' (1) (1-3) 16-20 (5) 

303 40 (1) - 14-19 (8) 

305 40 m u l t i v a l e n t s 

( F i g u r e s 15, a and b, are from p r e p a r a t i o n s made from 301.) 

The somatic counts support the view t h a t these mate­

r i a l s are h y b r i d . The m a t e r i a l s are a l l from t r a n s i t i o n a l 

h a b i t a t s i n which p o p u l a t i o n s of both p u t a t i v e parent species 

occur side by side and are s u b j e c t t o d i s t u r b a n c e s by man. 

The m e i o t i c c o n f i g u r a t i o n s suggest t h a t t h e r e i s con­

s i d e r a b l e homology between the genomes of the two pa.rental 

species. The f o r m a t i o n of m u l t i p l e chromosome c o n f i g u r a t i o n s 

may be due t o sma l l d i f f e r e n c e s i n p a r e n t a l genome s t r u c t u r e s , 

such as i n v e r s i o n s and i n t e r c h a n g e s , but i t has not been found 

p o s s i b l e t o i n t e r p r e t them p r e c i s e l y . 

Table 15 

A. arenosus 

M a t e r i a l Somatic number Microsporogenesis 
i v i i i i i i 

304 

308 

60 

60 

30 

30 

(Fig u r e s 16, a and b, are from p r e p a r a t i o n s made from 308.) 



FIGURE 16. 

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

acenaphth^iene, showing 60 chromosomes. 

Is. P.M.C. at dia k i n e s i s , sho?ring 30 

Tsivalents. 

(Phase contrast photomicrographs). 
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The somatic chromosome counts serve t o c o n f i r m the 
d i s t i n c t i o n between t h i s species and A. b r e v i p e d u n c u l a t u s .and 
a l s o show A. arenosus t o be h e x a p l o i d . As f o r A. f i e x u o s u s , 
the r e g u l a r i t y of p a i r i n g suggests a l l o p o l y p l o i d y . 

Table 16 

A. a f f i n i s 

M a t e r i a l Somatic number Microsporogenesis 
i v i i i i i i 

401 

402 

80 

80 

40 

40 

(Figures 17, a and b, are from p r e p a r a t i o n s made from 401.) 

The somatic counts c o n f i r m the m o r p h o l o g i c a l d e l i m i t ­

a t i o n of t h i s species and a l s o show i t t o be o c t o p l o i d . 

The c y t o l o g i c a l evidence w i l l be discussed i n the l a s t 

chapter when i t w i l l be assessed i n the l i g h t of the a d d i t i o n a l 

i n f o r m a t i o n o b t a i n e d f r o m the examination of a r t i f i c i a l h y b r i d s 

and of c u r r e n t views a r i s i n g from o t h e r workers' f i n d i n g s on 

o t h e r p l a n t s . 



FIGURE 47. 

A , a f f i n i s . a. Root-tip squash, pretreated with 

a-monobromo naphthalene, showing 80 chromosomes. 

Ta». P.M.C. at diak i n e s i s , showing 4-0 

hi v a l e n t s . 

(Phase contrast photomicrographs). 
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Reproduction and b r e e d i n g mechanisms 
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V e g e t a t i v e r e p r o d u c t i o n 

I t has been seen t h a t a l l the taxa under c o n s i d e r a t i o n 

have rhizomes and s t o l o n s , a n d t h a t t h e r e are d i f f e r e n c e s i n the 

s i z e and behaviour of the l a t t e r . I n a l l the t a x a , e c o l o g i c a l 

success a g a i n s t o t h e r competing species i s l a r g e l y dependent 

upon the e f f i c i e n c y of s t o l o n i f e r o u s growth. Thus A. compressus, 

A. brevipeclunculatus and A. a f f i n i s produce numerous many-noded 

s t o l o n s w i t h s h o r t i n t e r n o d e s when grown on open ground, where 

ephemerals p r o v i d e the main c o m p e t i t i o n , and A. f l e x u o s u s has 

few-noded s t o l o n s w i t h l o n g i n t e r n o d e s , which enable i t t o com­

pete w i t h the t a l l e r c o m p e t i t o r s i n the herbaceous margins of 

r i p a r i a n f o r e s t . I n most r e g i o n s of West A f r i c a , the climax 

v e g e t a t i o n i s composed of v e r y t a l l p l a n t s ( t h e v a r i o u s f o r e s t 

and t h i c k e t communities) or i s too a r i d t o support herbaceous 

p e r e n n i a l s such as Axonopus. The c o m p e t i t i v e a b i l i t y of Axono-

pus appears a t i t s most e f f i c i e n t i n b i o t i c a l l y d i s t u r b e d or 

c o n t r o l l e d h a b i t a t s , where the d i s t u r b a n c e or c o n t r o l has been 

d i r e c t e d a g a i n s t woody growth but has not been so d r a s t i c as t o 

produce d r i e r , savanna-like areas. 

S t o l o n i f e r o u s growth pr o v i d e s f o r the r a p i d c o v e r i n g 

of open s o i l s urfaces and, i f c o m p e t i t i o n from o t h e r species 

i s t o be overcome, f o r the p r o d u c t i o n of a c l o n a l p o p u l a t i o n . 

This would be the case i f a s i n g l e s e e d l i n g s u c c e s s f u l l y c o l o ­

n i s e d an area by v e g e t a t i v e spread alone. Decay of the b a s a l 
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p o r t i o n s of the s t o l o n s r e s u l t s i n m u l t i p l i c a t i o n of the parent 

genotype by d e t a c h i n g the i n n o v a t i o n s from each o t h e r and from 

the parent p l a n t . 

Perennation by rhizomes a l s o f a v o u r s the process of 

v e g e t a t i v e m u l t i p l i c a t i o n b u t , since the rhizomes are s h o r t , i t 

f a v o u r s more i n t e n s i v e cover of the ground a l r e a d y occupied, 

r a t h e r than the c o l o n i s a t i o n of new ground. 

V e g e t a t i v e p r o p a g a t i o n , a l t h o u g h h a v i n g the p r i m a r y 

e f f e c t of producing new i n d i v i d u a l s w i t h the same genotype as 

the p a r e n t , a l s o a f f o r d s a p o s s i b l e o p p o r t u n i t y f o r p e r p e t u a t i n g 

c y t o l o g i c a l changes which might occur i n the somatic meristems. 

Chromosomal s t r u c t u r a l changes, and gains or losses of chromo­

somes which become e s t a b l i s h e d i n a somatic meristem, might be 

p e r p e t u a t e d and m u l t i p l i e d v e g e t a t i v e l y by the a c t i o n of t h a t 

meristem. A consequence of t h i s would be t h a t the v e g e t a t i v e l y 

produced o f f s p r i n g of a s i n g l e p l a n t would d i f f e r amongst them­

selves i n r e s p e c t of chromosome s t r u c t u r e or number. 

D i s p e r s a l of Axonopus by v e g e t a t i v e means plays a 

g r e a t e r p a r t i n i t s spread i n t o new h a b i t a t s than i s n o r m a l l y 

the case i n t e r r e s t r i a l angiosperms. Popul a t i o n s e s t a b l i s h e d 

by man may be composed of i n d i v i d u a l s which have been t r a n s ­

p o r t e d over g r e a t d i s t a n c e s and are t h e n , a t l e a s t i n i t i a l l y , 

exposed t o c o n d i t i o n s which f a v o u r t u r f f o r m a t i o n and reduce 

c o m p e t i t i o n from o t h e r species. Such massive b u r s t s ox vege-
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t a t i v e d i s p e r s a l are of b r i e f d u r a t i o n , but they have the r e s u l t 

t h a t a p o p u l a t i o n so e s t a b l i s h e d may c o n s i s t of i n d i v i d u a l s 

from a few, or even a s i n g l e c l o n e . The process tends, t h e r e ­

f o r e , t o c r e a t e a s e r i e s of u n i f o r m p o p u l a t i o n s . 

Axonopus compressus - sensu l a t o - i s f a v o u r e d as a 

lawn grass and cover crop i n S i e r r a Leone and elsewhere, p a i r t l y 

'because i t can be made t o cover the ground r a p i d l y and p a r t l y 

because i t i s a t l e a s t as s u c c e s s f u l under the c l i m a t i c con­

d i t i o n s here as any o t h e r lawn or cover grass. I n d r i e r t e r ­

r i t o r i e s , Stenotaphrum i s p r e f e r r e d because of i t s more x e r o -

morphic p r o p e r t i e s , but i t does not t o l e r a t e the s o i l w ater­

l o g g i n g which c h a r a c t e r i s e s the wet season in. a l l but the sandy, 

c o a s t a l p a r t s of S i e r r a Leone. Cynodon i s the o n l y o t h e r ex­

t e n s i v e l y used lawn grass b u t , a l t h o u g h i t covers the ground 

r a p i d l y and i s a l s o w e l l adapted t o the c l i m a t e , i t has been 

found t o encourage s a n d - f l i e s ( C u l i c o i d e a e ) and i s l e s s p o p u l a r 

than Axonopus. 

The v e g e t a t i v e v i g o u r of Axonopus i s most obvious 

d u r i n g p e r i o d s of very a c t i v e growth. During t h e dry season 

a p p r o x i m a t e l y from October of one year t o A p r i l of the f o l l o w ­

i n g year) t e r m i t e s consume any l i t t e r upon the s o i l s u r f a c e so 

t h a t l i t t l e remains, i n f a i r l y exposed h a b i t a t s , except the 

l a r g e r pieces of woody d e b r i s and the l i v i n g p o r t i o n s of hemi-

c r y p t o p h y t e s . I n the account which f o l l o w s , the sudden and con-
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spicuous b u r s t s o f v e g e t a t i v e development of Axonopus are r e ­
l a t e d t o the m e t e o r o l o g i c a l changes which occasion such a c t i v i t y . 
I t i s the g r e a t v i g o u r of Axonopus under such c o n d i t i o n s which 
enables i t t o c o l o n i s e open s o i l i n c o m p e t i t i o n w i t h many o t h e r 
herbaceous p l a n t s , a n d which makes such b u r s t s of a c t i v i t y so 
conspicuous. 

During the d r y season of 1957/58, i t was noted t h a t 

p e r i o d s of a c t i v e growth were d i c t a t e d not o n l y by r a i n f a l l , 

h u m i d i t y and temperature but a l s o by wind, c l o u d , haze cover 

and by the e x t e n t t o which the water content of the s o i l had 

been d e p l e t e d . More than 4 i n s (10.2 cms) of r a i n f e l l on 

January 1 s t , 1958, t o be f o l l o w e d by hot dry c o n d i t i o n s but no 

f l u s h of growth. Over the p e r i o d March 28th - 30th, l-± i n s 

(3«25 cms) of r a i n , d u r i n g a p e r i o d of c o o l e r , humid c o n d i t i o n s , 

produced a b u r s t of very a c t i v e growth. Minor p e r i o d s of a c t i ­

v i t y were noted t o have f o l l o w e d p e r i o d s of h i g h h u m i d i t y which, 

d u r i n g the e a r l y p a r t of the dry season, were accompanied by 

c h a r a c t e r i s t i c e a r l y morning ground m i s t s * The more n o t i c e a b l e 

a c t i v i t y towards the end of the d r y season ?ra.s found t o occur 

o n l y when r a i n f a l l had been f o l l o w e d by wind c o n d i t i o n s which 

a l l o w e d c l o u d cover or haze t o m a i n t a i n a h i g h atmospheric 

h u m i d i t y . Thus, 0.29 i n s (0.74 cms) of r a i n on May 2nd, 1958, 

f o l l o v r e d by t h r e e almost windless days, produced a n o t i c e a b l e 

p e r i o d of a c t i v e growth. The t h r e e days a f t e r the r a i n were 
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humid and the n i g h t temperatures remained between 64 and 58°F 
(l7«8 and 14.5^0). An e a r l i e r (January 1st) f a l l of r a i n of 
1.57 i n s (4 cms). which was caused by the wind backing t o the 
N.E. d u r i n g a Harmattan p e r i o d from the E t o S.E., was accom­
panied by h o t , dry atmospheric c o n d i t i o n s and d i d not r e s u l t i n 
a p e r i o d of a c t i v e growth. 

Of the measurements made d u r i n g the examination of 

periods of a c t i v e growth, low ground temp^erature shows the 

c l o s e s t a s s o c i a t i o n . A l l o w i n g t h a t t h e r e must be a p e r i o d of 

l a g before growth becomes obvious, grass temperatures ( t h e tern— 

pera,ture as recorded a t the s o i l s u r f a c e on a lawn) of 69 - 66°F 

(20.6 - 19°C) yrere noted f o l l o w i n g r a i n f a l l which r e s u l t e d i n 

p e r i o d s of a c t i v e growth,and of 70 - 73°F (21.1 - 22.8°C) f o l ­

l o w i n g r a i n f a l l which d i d n o t . These c o n d i t i o n s were never 

r e a l i s e d d u r i n g the d r y season of 1958/59? which was c h a r a c t e r ­

i s e d by t h r e e d i s t i n c t and severe p e r i o d s of Harunattan i n f l u e n c e . 

By A p r i l of 1959? the exposed communities ( i n c l u d i n g a lawn 

which had been r e g u l a r l y i r r i g a t e d ) had d i e d back and t h e i r 

s t o l o n i f e r o u s remains had been consumed, l e a v i n g detached i n n o ­

v a t i o n s . 

Much more complex r e l a t i o n s h i p s c o n t r o l v e g e t a t i v e 

r e p r o d u c t i o n and c o m p e t i t i o n d u r i n g the wet season. R a i n f a l l 

may exceed 10 i n s (25-4 cms) per day and shading due t o the 

growth of t a l l e r p l a n t s becomes an i m p o r t a n t f a c t o r i n d e t e r -
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mining the a b i l i t y of Axonopus, and o t h e r herbs, t o s u r v i v e . 
Waterlogging of the s o i l causes the breakdown of Axonopus 
p o p u l a t i o n s , except those of A, f l e x u o s u s and A. compressus x 
f l e x u o s u s . These two, and i n p a r t i c u l a r the former, spread 
most s u c c e s s f u l l y i n wet, p a r t l y shaded c o n d i t i o n s . 

F l o w e r i n g behaviour - the p r o d u c t i o n of s p i k e l e t s 

The number of s p i k e l e t s produced on a s i n g l e f l o w e r i n i 

stem has been mentioned e a r l i e r , i n the comment on Table 2. 

These numbers p r o v i d e a comparison of the t a x a , since they can 

be regarded as i n d i c e s of r e p r o d u c t i v e p o t e n t i a l . As such they 

are worthy of f u r t h e r comment. 

Each s p i k e l e t having a s'ingle f e r t i l e f l o r e t might 

be regarded as b e i n g the i n i t i a l p o i n t i n the sexual p r o d u c t i o n 

of a s i n g l e new i n d i v i d u a l . The t o t a l number of s p i k e l e t s p r o ­

duced by one p l a n t can be regarded as the p o t e n t i a l s i z e o f the 

next g e n e r a t i o n . ( C l e a r l y t h i s i s a f a l l a c i o u s statement i n 

the case o f the s t e r i l e h y b r i d s , unless a v e r y loose meaning i s 

g i v e n t o the word ' p o t e n t i a l ' . ) Since Axonopus i s p e r e n n i a l 

and s t o l o n i f e r o u s , i t continues t o produce s p i k e l e t s f o r 

s e v e r a l years and a t the same time undergoes v e g e t a t i v e m u l t i ­

p l i c a t i o n . I t would be most s a t i s f a c t o r y t o be able t o compile 

f i g u r e s which took i n t o account the t o t a l number of f'lovrering 

stems produced by a s i n g l e p l a n t , but i n o rder t o o b t a i n com-
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parable f i g u r e s ( i . e . f i g u r e s r e p r e s e n t i n g the t o t a l numbers 
of s p i k e l e t s which a p l a n t of any taxon might be expected t o 
produce i n i t s l i f e span) a p r o t r a c t e d schedule of s c o r i n g would 
have t o be c a r r i e d out or a method would have t o be devised f o r 
the c a l c u l a t i o n of some f a c t o r by which the s t a t e s of m a t u r i t y 
of i n d i v i d u a l p l a n t s c o u l d be g i v e n p a r i t y . I t was thought 
reasonable t o compare the t o t a l numbers of s p i k e l e t s which were 
produced, on s i n g l e f l o w e r i n g stems ( i . e . on a l l the racemes 
produced upon peduncles a r i s i n g from a s i n g l e a b b r e v i a t e d con­
i c a l a x i s , as d e s c r i b e d e a r l i e r ) , since t h i s would a v o i d p r o ­
t r a c t e d s c o r i n g , w i t h i t s p o s s i b i l i t y of e r r o r s , and would p r o ­
v i d e a n u m e r i c a l comparison i n which the numbers were expres­
sions of such t a x o n o m i c a l l y i m p o r t a n t f e a t u r e s as the l e n g t h s 
of the racemes and the numbers of i n f l o r e s c e n c e s produced. 

The f i g u r e s presented i n Table 2 were:-

A. compressus 210 

A. compressus x f l e x u o s u s 422 

A. f l e x u o s u s 370 

A. b r e v i p e d u n c u l a t u s x compressus 265 

A. b r e v i p e d u n c u l a t u s 172 

A. arenosus 197 

A. a f f i n i s 205 

Both h y b r i d t a x a show i n c r e a s e d f l o w e r i n g v i g o u r over 

t h e i r p u t a t i v e parents and t h i s i s most marked i n A. compressus 
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x f l e x u o s u s . A. compressus, A. arenosus and A. a f f i n i s have 
comparable r e p r o d u c t i v e p o t e n t i a l s , on the b a s i s of these f i g ­
u r e s , but A. f l e x u o s u s appears t o have a g r e a t e r r e p r o d u c t i v e 
p o t e n t i a l and A. b r e v i p e d u n c u l a t u s appears t o have a s i g n i f i ­
c a n t l y lower one. The h i g h values f o r b o t h A. f l e x u o s u s and 
A. compressus x f l e x u o s u s a r i s e because these two tax a have many, 
f a s c i c l e d i n f l o r e s c e n c e s b e a r i n g l o n g racemes, whereas, by con­
t r a s t , A. b r e v i p e d u n c u l a t u s has fewer i n f l o r e s c e n c e s w i t h 
s h o r t e r racemes. 

F l o w e r i n g shoots are produced throughout the year by 

A. compressus, A. br e v i p e d u n c u l a t u s x comp wressus, A. arenosus 

and A. a f f i n i s but f l o w e r i n g ceases i f the dry season i s p r o ­

longed or has been severe. A. f l e x u o s u s and A. b r e v i p e d u n c u l a t u s 

f l o w e r d u r i n g the wet season and remain v e g e t a t i v e throughout 

the dry season. 

Anthesis 

Anthesis i n A. compressus and A. a f f i n i s i s normal and 

occurs a f t e r the e l o n g a t i o n of the peduncle has c a r r i e d the 

racemes f a r out of the u l t i m a t e l e a f - s h e a t h . I n b o t h species 

the process i s protandrous and the releg.se of p o l l e n from the 

anthers takes place very soon a f t e r the exposure of the l a t t e r . 

The stigmas remain exposed f o r 10 t o 12 hours, or o c c a s i o n a l l y 

l o n g e r , before they are p a r t i a l l y withdrawn i n t o the f e r t i l e 

http://releg.se
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f l o r e t o r degenerate. 

I n A. arenosus and A. f l e z u o s u s a n t h e s i s occurs l e s s 

f r e e l y , e s p e c i a l l y i n c u l t i v a t e d p l a n t s , and i n b o t h species 

occurs Yfhen the racemes are o n l y s h o r t l y exposed from the u l t i ­

mate l e a f - s h e a t h . I n A. arenosus the racemes remain s h o r t l y 

e x s e r t e d but i n A. f l e x u o s u s the e x t e n s i o n o f the peduncles 

c a r r i e s the racemes w e l l c l e a r of the l e a f - s h e a t h . 

A n t h e s i s i n the h y b r i d t a x a i s uncommon. I t i s par­

t i c u l a r l y r a r e i n A. compressus x f l e x u o s u s and, when i t does 

occur, one or two of the anthers may f a i l t o emerge from the 

palea and lemma. 

A. b r e v i p e d u n c u l a t u s v e r y r a r e l y f l o w e r s but has been 

seen t o do s o under c o o l e r , humid c o n d i t i o n s d u r i n g the wet 

season, 

These grasses appear t o haA^e l i t t l e s e n s i t i v i t y t o 

day - l e n g t h as a f a c t o r i n f l u e n c i n g f l o w e r i n g and a n t h e s i s . Both 

these processes continue throughout the year i f p l a n t s are main­

t a i n e d w i t h an adequate water supply. Some e a r l y attempts t o 

induce a n t h e s i s were c a r r i e d out i n an i n s e c t - p r o o f e d breeding-

house i n which d a y - l e n g t h alone was c o n t r o l l e d , I n these a t ­

tempts, p l a n t s were grown i n pots and were watered l i b e r a l l y 

b ut a s no f a c i l i t i e s were a v a i l a b l e f o r the c o n t r o l of atmos­

p h e r i c h u m i d i t y and temperature, o n l y d a y - l e n g t h c o n d i t i o n s 

c o u l d be a d j u s t e d , by screening or by f l u o r e s c e n t l i g h t e x t e n s i o n . 
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A. compressus f l o w e r e d f r e e l y under s h o r t day c o n d i t i o n s ( d i f ­
f use d a y l i g h t of 12 hours d u r a t i o n ) , but flowered, e q u a l l y as 
f r e e l y when the p l a n t s were bagged w i t h diathene bags and sub­
j e c t e d t o a j n t u r a l d a y - l e n g t h (13 t o 13-5- hours, under moderate 
shade) or a r t i f i c i a l l y extended d a y - l e n g t h (15 hours) regimes. 
From t h i s i t was concluded t h a t a n t h e s i s was c o n t r o l l e d by 
hum i d i t y / t e m p e r a t u r e r e l a t i o n s h i p s of the atmosphere r a t h e r than 
by d a y - l e n g t h . F u r t h e r evidence i n support of t h i s view was 
ob t a i n e d when b o t h A. compressus x f l e x u o s u s and A. brevi p e d u n -
c u l a t u s p l a n t s c o n t a i n e d i n diathene bags f l o v r e r e d w h i l e un-
bagged p l a n t s i n adjacen t pots f a i l e d t o do so. One p l a n t of 
A. compressus x f l e x u o s u s even f l o w e r e d a f t e r an a c c i d e n t a l 
p e r i o d of 72 hours continuous i l l u m i n a t i o n . 

A second attempt t o a c c e l e r a t e a n t h e s i s was based upon 

the method, r e p o r t e d by Jordan (1957) •> which i s r e g u l a r l y , em­

ployed f o r the h y b r i d i s a t i o n of Oryza c u l t i v a r s . Jordan's 

method r e l i e s upon s i m u l a t i o n of the atmospheric changes which 

have been found t o o b t a i n d u r i n g normal a n t h e s i s . Vacuum f l a s k s 

f i l l e d w i t h water a t 43°C are emptied and q u i c k l y i n v e r t e d over 

the Oryza i n f l o r e s c e n c e . As the s a t u r a t e d atmosphere w i t h i n 

the f l a s k c o o l s , the s p i k e l e t s open. This p e r m i t s the emascu­

l a t i o n of s p i k e l e t s , the c o l l e c t i o n of p o l l e n and c r o s s -

p o l l i n a t i o n a t times when n a t u r a l a n t h e s i s has not y e t s t a r t e d . 

Before a t t e m p t i n g t o employ t h i s technique on Axonopus, a study 
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was made of the r e g u l a r i t y and t i m i n g of a n t h e s i s . This was 
done by i n s p e c t i o n of i n f l o r e s c e n c e s , of p l a n t s i n ex p e r i m e n t a l 
beds, a t f i v e minute i n t e r v a l s between the hours of 7-0 a.m. 
and 8.30 a.m. d a i l y . These o b s e r v a t i o n s were c o n t i n u e d f o r a 
p e r i o d of t h r e e weeks. Temperature, wind and h u m i d i t y were r e ­
corded and i t was found t h a t f l o w e r i n g was a s s o c i a t e d w i t h f a l l ­
i n g h u m i d i t y and r i s i n g grass-temperature. I n s h e l t e r e d s i t u ­
a t i o n s , i t was found t h a t f l o w e r i n g was delayed, o f t e n t o 10.0 
a.m. Evening f l o w e r i n g was o c c a s i o n a l l y observed and was found 
t o be a s s o c i a t e d w i t h i n c r e a s i n g h u m i d i t y and f a l l i n g tempera­
t u r e . Attempts t o s i m u l a t e the c o n d i t i o n s under which morning 
f l o w e r i n g o c c u r r e d , by exposing i n f l o r e s c e n c e s t o a warm, humid 
atmosphere as i n Jordan's t e c h n i q u e , d i d not produce any w o r t h ­
w h i l e r e s u l t s when the attempts were made i n the morning ( i . e . 
b e f o r e 7*0 a.m.) and f a i l e d e n t i r e l y when the attempts were made 
i n the evening. 

The t i m i n g of a n t h e s i s , by i n s p e c t i o n , was i n v e s t i g a t e d 

f u r t h e r by the use of a mechanical device which the w r i t e r con­

s t r u c t e d . This device (see f i g u r e 18) c o n s i s t e d of a c a r r i a g e 

(a) which was drawn by a t h r e a d (b) below and across a s l i t i n 

a chamber ( c ) , w i t h i n which an i n f l o r e s c e n c e was c o n f i n e d . The 

motive power f o r the c a r r i a g e ' s t r a n s i t was p r o v i d e d by an a d d i ­

t i o n a l s p i n d l e which the w r i t e r b u i l t i n t o a s t o p - c l o c k . A 

microscope s l i d e smeared w i t h Mayer's albumen was placed upon 



FIGURE 18. 

Apparatus f o r timing the release of pollen. 

The apparatus consists of a chamber ( c ) , with a s l i t 

i n i t s lower corner. A carriage (a) i s drawn below the s l i t 

by the thread ( b ) , which i s connected to a clockwork drive. 

The microscope s l i d e (d) i s transported on the carriage, 

across the s l i t , and when pollen i s released t h i s f a l l s through 

the s l i t and onto the s l i d e . Knowing the rate of t r a n s i t of 

the s l i d e across the s l i t , and the position of the s l i d e at ihhe 

beginning of t r a n s i t , the time at which the pollen was released 

can be calculated from the position of the f i r s t pollen grains 

on the s l i d e . 
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the c a r r i a g e and a r e f e r e n c e mark was s c r i b e d on i t t o mark i t s 
p o s i t i o n a t the b e g i n n i n g of the r u n . I f p o l l e n was r e l e a s e d 
d u r i n g the r u n , i t f e l l onto the s l i d e and c o u l d l a t e r be de­
t e c t e d by i n s p e c t i o n under a microscope; t h i s was made e a s i e r 
by i r r i g a t i o n w i t h aceto-carmine. The r a t e of t r a n s i t of the 
s l i d e was 1.2 cms i n 10 minutes and by measuring the d i s t a n c e 
moved, from the r e f e r e n c e mark t o the f i r s t p o l l e n g r a i n s on 
the s l i d e , the time lapse a f t e r commencement of the r u n , and 
hence the time of p o l l e n r e l e a s e , c o u l d be c a l c u l a t e d . By t h i s 
means the t i m i n g of a n t h e s i s , which had a l r e a d y been determined 
by i n s p e c t i o n , was confirmed. 

P o l l i n a t i o n experiments 

The S i e r r a Leone Sice Research S t a t i o n has o b t a i n e d 

some evidence t h a t wind t r a n s p o r t of p o l l e n i s most e f f e c t i v e 

over very s h o r t d i s t a n c e s . C r o s s - p o l l i n a t i o n decreases r a p i d l y 

when the d i s t a n c e s between p a n i c l e s exceed some 25 cms. Since 

crops of r i c e are grown under c o n d i t i o n s i n which the wind 

t r a n s p o r t of p o l l e n must be considered as being more e f f i c i e n t 

than between s m a l l grasses i n , say, a mixed v e g e t a t i o n of t r e e s , 

shrubs and herbs, c r o s s - p o l l i n a t i o n i n such s m a l l grasses i s 

l i k e l y t o be e f f e c t i v e o n l y over v e r y s h o r t d i s t a n c e s . Sexual 

Axonopus p o p u l a t i o n s b e i n g p e r e n n i a l and c l o n a l are probably 

m o s t l y i n b r e e d i n g . I n them, most p o l l i n a t i o n w i l l be s e l f -
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p o l l i n a t i o n o r c r o s s - p o l l i n a t i o n "between c l o s e l y r e l a t e d i n d i ­
v i d u a l s or the members of a s i n g l e c l o n e . Crosses between 
w i d e l y separated i n d i v i d u a l s w i l l be r a r e . 

I n o r d e r t o examine the wind t r a n s p o r t of Axonopus 

p o l l e n , p o t t e d p l a n t s of A. compressus were used. These were 

kept under l a r g e diathene bags and observed f o r s e v e r a l days i n 

o r der t o determine which of t h e i r i n f l o r e s c e n c e s were i n com­

parable s t a t e s of f l o w e r i n g . A l l but the i n f l o r e s c e n c e s chosen 

and those which were much younger, were removed from the p l a n t s 

I t was found p o s s i b l e i n t h i s way t o remove the undehisced an­

t h e r s f r o m the newly opened s p i k e l e t s on s e v e r a l p l a n t s i n the 

e a r l y morning. I f such emasculated p l a n t s were kept i n i s o l a ­

t i o n , no f r u i t s were s e t , but when the emasculated i n f l o r e s ­

cences of s e v e r a l p l a n t s were staked a t 20 cms i n t e r v a l s i n a 

s t r a i g h t l i n e on e i t h e r s i d e of an unemasculated i n f l o r e s c e n c e , 

the f r u i t s s et on the emasculated i n f l o r e s c e n c e s confirmed t h a t 

t r a n s p o r t of p o l l e n over d i s t a n c e s g r e a t e r than 20 cms was not 

very e f f e c t i v e . The r e s u l t s of f o u r such t e s t s are co n t a i n e d 

i n Table 17. 
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Table 1? 

p o s i t i o n 40 cms 20cms 0 20cms 40 cms 

f r u i t s set 0/6 1/6 P o l l e n 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 

T o t a l set a t 40 cms 4 T o t a l set at 20 cms .10 

The numbers of f r u i t s s e t , i n each case out o f s i x 

emasculated s p i k e l e t s , on i n f l o r e s c e n c e s a t each side of the 

p o l l e n parent are not regarded as b e i n g s i g n i f i c a n t l y d i f f e r e n t . 

Such minor d i f f e r e n c e s may have been caused by d a i l y v a r i a t i o n 

i n wind d i r e c t i o n and f o r c e t h r o u g h the i n s e c t - p r o o f e d b r e e d i n g 

house. The d i f f e r e n c e s between the p r o p o r t i o n s of f r u i t s s e t 

at each of the two d i s t a n c e s from the p o l l e n parent (4 out of 

48, or 83-̂ 0, at 40 cms and 10 out of 48, or 20fi, a t 20 cms) are 

regarded as b e i n g d i f f e r e n t . 

The f o l l o w i n g i n v e s t i g a t i o n s of the b r e e d i n g mechan­

isms were performed on p o t t e d p l a n t s i n the i n s e c t - p r o o f e d 

breeding house:-

1. Tests f o r s e l f c o m p a t i b i l i t y . 

2. Tests f o r apomixis. 
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1. Tests f o r s e l f c o m p a t i b i l i t y 

S i n g l e p l a n t s were i s o l a t e d under diathene bags and 

a l l o l d i n f l o r e s c e n c e s were removed. Care was taken t o ensure 

t h a t p r e v i o u s l y f l o w e r e d s p i k e l e t s were also removed from the 

remaining i n f l o r e s c e n c e s . Such s p i k e l e t s were d e t e c t e d by the 

p r o t r u d i n g remnants of the stigmas. A f t e r thus e n s u r i n g t h a t 

the r e maining i n f l o r e s c e n c e s had no s p i k e l e t s which might have 

been c r o s s - p o l l i n a t e d , the p l a n t s were kept i n i s o l a t i o n f o r a 

f u r t h e r two days. A f t e r t h a t t i m e , the i n f l o r e s c e n c e s were 

i n s p e c t e d and a l l but those s p i k e l e t s which had f l o w e r e d under 

c o n d i t i o n s of i s o l a t i o n were removed. This ensured a g a i n s t the 

r i s k t h a t younger s p i k e l e t s might subsequently set f r u i t as a 

r e s u l t of c r o s s - p o l l i n a t i o n and be scored as having r e s u l t e d 

from s e l f - p o l l i n a t i o n . 

A. compressus, A. f l e x u o s u s , A. arenosus and A. a f f i n i s 

a l l set f r u i t when i s o l a t e d . I t was noted, however, t h a t the 

o v a r i e s i n most of the open s p i k e l e t s of b o t h A. f l e x u o s u s and 

A. arenosus were g r e a t l y e nlarged. I t was a l s o noted t h a t i n 

b o t h these species some f r u i t s were formed on i s o l a t e d i n f l o r e s ­

cences i n which a n t h e s i s f a i l e d t o occur. 

A. compressus x f l e x u o s u s f a i l e d t o set f r u i t i n i s o ­

l a t i o n . The o v a r i e s i n open s p i k e l e t s were l o n g and d o r s i -

v e n t r a l l y c o l l a p s e d . 

A. b r e v i p e d u n c u l a t u s and A. b r e v i p e d u n c u l a t u s x com-
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pressus were not i n v e s t i g a t e d . Anthesis d i d not occur i n i s o ­
l a t e d p l a n t s , hut f r u i t s were set f r e e l y i n the unopened s p i k e -
l e t s of A. b r e v i p e d u n c u l a t u s . 

2. Tests f o r apomixis. 

These t e s t s were made because f r u i t i n g i n A. f l e x u o s u s , 

A. arenosus and A. b r e v i p e d u n c u l a t u s appeared t o be independent 

of normal a n t h e s i s . 

S i n g l e p l a n t s were i s o l a t e d and t h e i r i n f l o r e s c e n c e s 

were trimmed t o remove a l l s p i k e l e t s which had o b v i o u s l y 

f l o w e r e d . A. compressus and A. a f f i n i s were emasculated w i t h 

f i n e f o r c e p s a f t e r normal opening of the s p i k e l e t s . The stigmas 

were then i n s p e c t e d under a b i n o c u l a r microscope a,nd any which 

bore p o l l e n , l i b e r a t e d by r u p t u r i n g of the anthers d u r i n g d i s ­

s e c t i o n , were e x c i s e d . The l e s s f r e e l y f l o w e r i n g t a x a , A. f l e ­

xuosus, A. arenosus and A. b r e v i p e d u n c u l a t u s , were emasculated 

by d i s s e c t i o n of unopened s p i k e l e t s . To do t h i s the i n f l o r e s ­

cences were examined and those p a r t s on which the s p i k e l e t s had 

enlarged o v a r i e s were c u t away. The anthers were removed, from 

s p i k e l e t s which had o v a r i e s of comparable s i z e t o those i n newly 

opened s p i k e l e t s of A. compressus, w i t h flamed needles. The 

d i s s e c t i o n s were c a r r i e d out under a b i n o c u l a r microscope and 

care was taken t o a v o i d unnecessary damage t o the s p i k e l e t . I t 

was not p o s s i b l e t o a v o i d some damage t o the unhardened glume 
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and s t e r i l e lemma and t o the s l i g h t l y i n d u r a t e f e r t i l e lemma 
and palea. I t i s p o s s i b l e t h a t damage was a l s o caused t o the 
r a c h i l l a and p e d i c e l d u r i n g d i s s e c t i o n . 

No f r u i t s were produced by emasculated s p i k e l e t s of 

A. compressus and A. a f f i n i s . I t was concluded t h a t these two 

species are o b l i g a t e l y sexual and s e l f c o m patible. 

I n A. f l e x u o s u s few of the emasculated s p i k e l e t s set 

f r u i t . Many of the s p i k e l e t s f e l l o f f , probably as a r e s u l t of 

damage caused d u r i n g d i s s e c t i o n , and most of those remaining 

f a i l e d t o f r u i t . This species may be f a c u l t a t i v e l y a p o m i c t i c 

but t h i s has not been confirmed c y t o l o g i c a l l y . 

Emasculation of A. arenosus d i d not i n h i b i t f r u i t i n g 

e n t i r e l y , nor d i d removal of the stigmas. A number of s p i k e l e t s 

f e l l o f f prem a t u r e l y and some of the remainder f a i l e d t o f r u i t . 

F a i l u r e t o f r u i t , as a l s o i n A. f l e x u o s u s , may have been due t o 

i n f e c t i o n by f u n g i or t h r i p s but c o u l d a l s o have been the d i r e c t 

r e s u l t of emasculation. A. arenosus i s regarded as being f a c u l ­

t a t i v e l y a p o m i c t i c . 

A. b r e v i p e d u n c u l a t u s has been examined i n the g r e a t e s t 

d e t a i l because of i t s a b i l i t y t o set f r u i t even i n those s p i k e ­

l e t s which remain c o n f i n e d w i t h i n the u l t i m a t e l e a f - s h e a t h . 

Such s p i k e l e t s are unable t o open and, as the f r u i t s mature, 

the anthers and stigmas become compressed towards the apex of 

the f e r t i l e f l o r e t . S p i k e l e t s i n which the o v a r i e s are not 
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enlarged are o n l y found w i t h i n the sheath. I t was found p o s s i b l e 
t o cut away a p o r t i o n of the sheath and t o d i s s e c t the anthers 
from the s p i k e l e t s and a t the same time t o cause l e s s damage 
than was p o s s i b l e w i t h the two pr e v i o u s species. The sheath 
p r o v i d e d support t o the raceme b e i n g d i s s e c t e d and the s p i k e l e t s 
were e a s i e r t o open because of the s o f t e r c o n d i t i o n of the f e r ­
t i l e lemma and palea- Fevf of the emasculated s p i k e l e t s f a i l e d 
t o produce f r u i t . 

Unopened s p i k e l e t s were examined f o r cleistogamy. 

This was done by c a r e f u l removal of the f e r t i l e lemma and palea 

and mounting the f l o r a l organs i n c o t t o n - b l u e i n l a c t o - p h e n o l 

( L u n d q u i s t j 1961). Ungerminated p o l l e n g r a i n s and p o l l e n tubes 

are s t a i n e d by c o t t o n - b l u e whereas germinated p o l l e n g r a i n s r e ­

main almost u n s t a i n e d . No p o l l e n tubes were d e t e c t e d . A l s o , 

s e r i a l s e c t i o n s of the s p i k e l e t s were examined f o r signs of 

p o l l e n g e r m i n a t i o n i n the unopened s p i k e l e t and none was found. 

(The s e r i a l s e c t i o n s were prepared f o r the c y t o l o g i c a l examina­

t i o n of ovary development, which i s considered l a t e r . ) This 

suggests t h a t A. b r e v i p e d u n c u l a t u s i s an o b l i g a t e apogamotic 

apomict. 

The two h y b r i d s , A. compressus x f l e x u o s u s and 

A. bre v i p e d u n c u l a t u s x compressus, were not examined f o r apo-

m i x i s . Sowings of b u l k , n a t u r a l l y abscissed s p i k e l e t s c o nfirmed 

t h e i r s t e r i l i t y . Occasional s e e d l i n g s of the former were ob-
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t a i n e d "but none p e r s i s t e d beyond the f o u r - l e a f stage. This 
suggests t h a t f u n c t i o n a l o v a r i e s are r a r e l y produced and t h a t , 
when such o v a r i e s f r u i t , the o f f s p r i n g d e r i v e d from them are 
not f u l l y v i a b l e . 

The g e n e t i c v a r i a b i l i t y w i t h i n p o p u l a t i o n s w i l l be 

i n f l u e n c e d by the mode of seed p r o d u c t i o n . The two s e x u a l l y 

r e p r o d u c i n g species, A. compressus and A. a f f i n i s , are o u t -

breeders but are al s o capable of i n b r e e d i n g . T h e i r p o p u l a t i o n s 

(even those c r e a t e d a r t i f i c i a l l y by man) w i l l e x h i b i t g e n e t i c 

v a r i a b i l i t y a t an e a r l y stage. This w i l l a r i s e even when the 

p o p u l a t i o n s c o n s i s t , i n the f i r s t p l a c e , of c l o n a l i n d i v i d u a l s 

because these w i l l c e r t a i n l y have a h i g h degree of heterozygo­

s i t y . The e x i s t e n c e of the two h y b r i d taxa c o n f i r m s t h a t o u t ­

b r e e d i n g occurs between t h e i r p u t a t i v e p a r e n t s . The s t e r i l i t y 

of these h y b r i d s p r o v i d e s a b a r r i e r t o gene f l o w between the 

parent species, but i t i s conceivable t h a t some ba c k - c r o s s i n g 

of the h y b r i d s t o A. compressus may be p o s s i b l e . The e x t e n t of 

such back-crossing would depend upon p r o d u c t i o n of f u n c t i o n a l 

p o l l e n and o v a r i e s , the frequency w i t h which the s p i k e l e t s 

opened and the rel e a s e of p o l l e n f r o m the anthers of the h y b r i d s . 

Although some seed i s e v i d e n t l y produced by A. compressus x 

f l e x u o s u s , a l l the o v a r i e s which have been examined, both of 

t h i s and of A. br e v i p e d u n c u l a t u s x compressus, were c o l l a p s e d . 
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Anthesis does not occur as f r e e l y as i n the sexual species and 

when i t does occur the anthers do not always emerge f u l l y . The 

p o l l e n which i s produced i n c l u d e s some a p p a r e n t l y good g r a i n s , 

as i s shown i n the t a b l e . 

Table 16 

Comparison of p o l l e n produced 

s t a i n i n g w i t h g r a i n 
aceto-carmine diameter 

(microns) 

A. corapressus 96% a l l 28 

A. compressus 
x f l e x u o s u s Hfo IO56 3 1 , 3056 2 9 , 60$ 25 

A. f l e x u o s u s 96$ a l l 29 

A. b r e v i p e d u n c u l a t u s 
x compressus a l l c . 2 9 

A. b r e v i p e d u n c u l a t u s a l l 28 

A. arenosus a l l 29 

A. a f f i n i s 96% a l l 28 

Seventy percent of the p o l l e n g r a i n s of A. b r e v i p e d u n ­

c u l a t u s x compressus were c o l l a p s e d so t h a t i t was d i f f i c u l t t o 

d i s t i n g u i s h v a r i a t i o n i n g r a i n diameters. 

Prom Table 18 i t can be seen t h a t b o t h h y b r i d s produce 

some a p p a r e n t l y good p o l l e n and might, t h e r e f o r e , o c c a s i o n a l l y 

ac t as p o l l e n parents i n back-crosses t o A. compressus. 

The evidence o b t a i n e d r e l a t i n g t o seed p r o d u c t i o n i n 

A. f l e x u o s u s and A. arenosus i s i n c o n c l u s i v e but suggests t h a t 

b o t h species are f a c u l t a t i v e apomicts. Agamospermy, or r e p r o -
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d u c t i o n by seed which i s produced by o t h e r than the normal p r o ­
cess of f e r t i l i s a t i o n , reduces genotype v a r i a b i l i t y but i n most 
cases m a i n t a i n s h e t e r o z y g o s i t y . F a c u l t a t i v e apomicts d e r i v e 
s e l e c t i v e advantage from b r e e d i n g mechanisms which i s o l a t e them 
from t h e i r l e s s s p e c i a l i s e d r e l a t i v e s . T h e i r o f f s p r i n g i n h e r i t 
genotypes which ensure t h e i r success i n the p a r e n t a l h a b i t a t . 
The i n c i d e n c e of sexual r e p r o d u c t i o n determines the r a t e a t which 
new g e n e t i c combinations are i n t r o d u c e d i n t o the p o p u l a t i o n . 
I t i s c l e a r t h a t s u f f i c i e n t phenotypic p l a s t i c i t y e x i s t s i n such 
a b r e e d i n g system i n A. f l e x u o s u s , since t h i s species occurs i n 
s p e c i a l i s e d h a b i t a t s i n a number of c l i m a t i c a l l y d i f f e r e n t areas 
o f A f r i c a . 

I n the o b l i g a t e apomict, A. b r e v i p e d u n c u l a t u s , geno-

t y p i c v a r i a b i l i t y must be c o n f i n e d t o any s t r u c t u r a l h e t e r o ­

z y g o s i t y or m u t a t i o n which becomes e s t a b l i s h e d i n a somatic m e r i -

stem. Such r a r e ge n o t y p i c v a r i a n t s would be m u l t i p l i e d by vege­

t a t i v e r e p r o d u c t i o n and would a l s o a l l o w r e c o m b i n a t i o n d u r i n g 

the a p o m i c t i c p r o d u c t i o n of seed. I t w i l l be seen i n the next 

s e c t i o n t h a t the a p o m i c t i c mechanism i n A. b r e v i p e d u n c u l a t u s 

ensures t h a t each of the o f f s p r i n g i s c o m p l e t e l y homozygous but 

i f the parent has any h e t e r o z y g o s i t y (such as may a r i s e s o m a t i ­

c a l l y ) the o f f s p r i n g c o u l d be d i f f e r e n t homozygous recombinants. 

P o p u l a t i o n s of A. b r e v i p e d u n c u l a t u s show minor phenotypic d i f ­

f erences as a consequence of such r e c o m b i n a t i o n s . 
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Embryo sac f o r m a t i o n 
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M a t e r i a l s and methods 

S p i k e l e t s were removed from young racemes and the 

second glume, s t e r i l e lemma and d i s t a l t h i r d of the f e r t i l e 

f l o r e t were cut away. This was found t o he necessary f o r the 

removal of a i r and t o ensure the adequate p e n e t r a t i o n of the 

wax d u r i n g i m p r e g n a t i o n . The m a t e r i a l was k i l l e d i n f o r m a l i n -

a c e t i c - a l c o h o l and f i x e d i n 70% a l c o h o l . A t e r t i a r y b u t y l -

a l c o h o l s e r i e s was used f o r impregnation and two changes of 60°C 

m e l t i n g p o i n t wax were made before the m a t e r i a l was blocked. 

Great care had t o be e x e r c i s e d i n the l a s t stages of impregna­

t i o n t o a v o i d excessive heat, since t h i s causes the lemma and 

palea t o become hard and b r i t t l e . 

S e ctions were cut a t t h i c k n e s s e s of 8 t o 10 microns, 

i n a l a t e r a l v e r t i c a l plane, and were s t a i n e d e i t h e r w i t h haerna-

t o x y l i n and s a f r a n i n or w i t h c r y s t a l v i o l e t and i o d i n e . Both 

s t a i n i n g methods worked s a t i s f a c t o r i l y but the c r y s t a l v i o l e t 

method had the advantage t h a t the i n t e n s i t y of the s t a i n c o u l d 

be more e a s i l y c o n t r o l l e d , or i n c r e a s e d , o r reduced,before the 

s l i d e s were made permanent. 

The sexual process 

A. compressus 

A d i a g r a m a t i c r e c o n s t r u c t i o n of the sequence of events 

i n the f o r m a t i o n of the embryo sac, as deduced from s e r i a l sec-



- 103 -

t i o n s , i s c o n t a i n e d i n f i g u r e 19? 1 t o 7-

The a r c h e s p o r i a l c e l l ( a r , i n f i g u r e 1 9 , l ) d i f f e r e n ­

t i a t e s as a hypodermai c e l l of the n u c e l l u s a t a time v/hen the 

inte g u m e n t a l l a y e r s ( i i and o i ) are deve l o p i n g and b e f o r e the 

growth of the f u n i c l e has o r i e n t a t e d the m i c r o p y l e (m) towards 

the base of the ovary. 

D i a k i n e s i s i n the rnegaspore mother c e l l occurs a t about 

the same time as t h a t i n the p o l l e n mother c e l l s i n the a n t h e r s . 

The f i r s t metaphase s p i n d l e (sp, i n f i g u r e 1 9 , 2) i s s l i g h t l y 

i n c l i n e d t o the l o n g a x i s of the o v u l e . The second d i v i s i o n of 

the m i c r o p y l a r daughter nucleus i s a l s o i n c l i n e d and the t e t r a d 

which r e s u l t s f r o m the m e i o t i c d i v i s i o n has a T-shaped appear­

ance. Because of the e a r l y degeneration of the n u c l e i and c y t o ­

plasm, the i d e n t i t y of the t h r e e megaspores (msl, ms2 and ms3 i n 

f i g u r e 1 9 , 3) nearest the mi c r o p y l e i s l o s t . The c h a l a z a l mega-

spore or embryo sac i n i t i a l ( e s i ) enlarges c o n s i d e r a b l y b e f o r e 

the m i t o t i c d i v i s i o n s commence. 

The f i r s t m i t o t i c d i v i s i o n i s o r i e n t a t e d along the 

lo n g a x i s of the ovule and g i v e s r i s e t o one nucleus a t the 

c h a l a z a l end ( c , i n f i g u r e 19 , 4) and one a t the m i c r o p y l a r end 

( e ) . The cytoplasm becomes h i g h l y v a c u o l a t e d when t h i s f i r s t 

d i v i s i o n i s complete. Each nucleus d i v i d e s t w i c e more and the 

products of the d i v i s i o n s remain a t opposite poles of the embryo 

sac ( f i g u r e 1 9 , 5 and 6 ) . A f t e r the 8-nucleate stage i s achieved 



FIGURE 19. 

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

1. D i f f e r e n t i a t i o n of the a r c h e s p o r i a l c e l l from the 
n u c e l l u s . The a r c h e s p o r i a l c e l l i s at d i a k i n e s i s and the i n n e r 
integument i s growing up around the n u c e l l u s . 

2. F i r s t metaphase i n the a r c h e s p o r i a l c e l l . Both 
integuments have developed and the nucellus has enlarged. 

3. The ovule a f t e r completion of megasporogenesis. 
Shree megaspores are degenerating and the f o u r t h i s e n l a r g i n g 
as the embryo sac i n i t i a l . The c e l l s o f the inner integument 
have enlarged around the micropyle. 

4 . Binucleate stage. The daughter n u c l e i are at opposite 
poles of the embryo sac. The cytoplasm has vacuolated. 

5 . Four-nucleate stage. 
6 . The young 8-nucleate embryo sac. Three a n t i p o d a l 

n u c l e i remain a t the chalazal (upper) end o f the sac. The f o u r t h 
i s m i g r a t i n g towards i t s micropylar p a r t n e r ; these become p o l a r 
n u c l e i . The egg nucleus and the two synergids have adopted the 
p o s i t i o n s which they w i l l occupy i n the mature embryo sac. 

7 . The mature embryo sac. The a n t i p o d a l c e l l s have d i v i d e d 
t o give a t i s s u e of nine c e l l s . The p o l a r n u c l e i l i e close t o the 
e n l a r g e d , c e n t r a l l y placed egg c e l l . The s.ynergids have s t a r t e d t o 
degenerate. 

ant = a n t i p o d a l c e l l s 
ar = a r c h e s p o r i a l c e l l 
c = chalazal nucleus 
e = mieropylar nucleus 
egg = embryo sac i n i t i a l ( i n n e r megaspore) 
i i = i n n e r integument 
m = micropyle 
ins 1 ,2 and 3 = three degenerating megaspores 
o i = outer integument 
p i = chalazal p o l a r nucleus 
p i i = micropylar p o l a r nucleus 
pn = pol a r n u c l e i 
sp = f i r s t meta.phase spindle i n the a r c h e s p o r i a l c e l l 
sy = synergids. 
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one nucleus from the c h a l a z a l group ( p i ) migrates towards the 
m i c r o p y l a r group. I t a s s o c i a t e s w i t h one of the m i c r o p y l a r 
group of n u c l e i ( p i i ) and these two t o g e t h e r form the endocporm 
n u c l e i (en, i n f i g u r e 19) 7 ) • 

The t h r e e remaining c h a l a z a l n u c l e i d i v i d e once or 

t w i c e more and form a t i s s u e of 9 t o 12 a n t i p o d a l c e l l s ( a n t ) . 

The m i c r o p y l a r group of n u c l e i a l s o become bounded by 

c e l l w a l l s . Two become the l a t e r a l l y placed s y n e r g i d s (sy) and 

the t h i r d becomes the more c e n t r a l l y placed egg c e l l ( e g g ) . 

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

1950) . 

The a p o m i c t i c process 

A. b r e v i p e d u n c u l a t u s 

The i n i t i a l stages i n the development of the ovary 

are the same as those i n A. compressus ( f i g u r e 1 9 , 1 t o 4 )• A 

much enlarged a r c h e s p o r i a l c e l l undergoes m e i o t i c d i v i s i o n ( f i g ­

ure 2 0 , l ) and g i v e s r i s e t o a T-shaped t e t r a d of megaspores. 

As degeneration of the t h r e e raicropylar megaspores proceeds, one 

or more of the n u c e l l a r c e l l s adjacent t o the i n n e r megaspore 

enlarge ( f i g u r e 2 0 , 2 , n ) . These are regarded as being p o t e n t i a l 

aposporous embryo sac i n i t i a l s , but o n l y r a r e l y does t h e i r sub­

sequent development produce an embryo sac. I n t h e many hundreds 

of o v a r i e s examined the embryo sac wis d e r i v e d from the reduced 
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i n n e r megaspore. 

D i v i s i o n of the nucleus of the reduced megaspore g i v e s 

a two-nucleate c o n d i t i o n ( f i g u r e 2 0 , 3) which i s f o l l o w e d by 

v a c u o l a t i o n of the cytoplasm. This d i s t i n g u i s h e s the h a p l o i d 

process from the d i p l o i d process, since the 2 - and 4-nucleate 

d i p l o i d c o n d i t i o n s do not have v a c u o l a t e d cytoplasm. A second 

m i t o t i c d i v i s i o n produces a f o u r - n u c l e a t e c o n d i t i o n w i t h a p a i r 

of n u c l e i ( c , i n f i g u r e 2 0 , 4) a t the c h a l a z a l end and a p a i r 

(e) a t the m i c r o p y l a r end. At t h i s stage the embryo sac begins 

t o i n crease i n s i z e and as i t does so i t compresses the s u r ­

r o u n d i n g n u c e l l a r c e l l s ( n c ) . The t h i r d m i t o t i c d i v i s i o n of 

the c h a l a z a l group of n u c l e i and of one of the m i c r o p y l a r n u c l e i 

i s complete. The remaining m i c r o p y l a r nucleus undergoes chromo­

some d i v i s i o n but the products are c o n t a i n e d w i t h i n a s i n g l e 

n u c l e a r membrane, {^f- The d i p l o i d nucleus so produced e x h i b i t s 

a c h a r a c t e r i s t i c but t r a n s i e n t b i - n u c l e o l a t e appearance. Rarely 

the c o n d i t i o n i l l u s t r a t e d i n f i g u r e 2 0 , 6 was observed. The 

d i p l o i d "egg" was accompanied by one s y n e r g i d (s.3/) and an enu­

c l e a t e and degenerating " c e l l " ( x ) . I n the g r e a t m a j o r i t y of 

embryo sacs examined, o n l y a s i n g l e degenerating s y n e r g i d was 

observed. A l l the o l d e r embryo sacs c o n t a i n o n l y seven n u c l e i . 

One of the c h a l a z a l group of n u c l e i ( p i ) migrates t o ­

wards the m i c r o p y l e and a s s o c i a t e s w i t h one of the reduced 

m i c r o p y l a r n u c l e i ( p i i ) . These tvro become the cndocporm n u c l e i 



FI&UKE 20. 

Formation of the embryo sac i n A.brevipedunculatus. 
(Reconstructed from s e r i a l sections) 

1. The archesporial c e l l has enlarges much more than the remaining 
nucellar c e l l s . I t s f i r s t d i v i s i o n i s a meiotic reduction d i v i s i o n , 
and at f i r s t metaphase the 20 bivalents are e a s i l y distinguishable. 
This i s very d i s t i n c t when compared with a mit^otic metaphase plate, 
i n a nucellar c e l l . 
2. The inner megaspore has enlarged and two nucellar c e l l s have 
also 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 f i r s t a 
2-nucleate condition and then a 4-nucleate condition. 
5. The th i r d mitotic d i v i s i o n i s complete at the chalazal end of 
the embryo sac, and i n one nucleus at the micropylar end. The 
remaining micropylar nucleus has f a i l e d to divide, a f t e r the 
chromosomes have divided,and has become diploid and 'bi-nucleolate 1. 
6 &. 7» The polar nuclei have associated towards the micropylar end, and 
the pro-embryo i n i t i a l has sssumed i t s c h a r a c t e r i s t i c l a t e r a l position. 
The single synergid i s degenerating. 
8. Double embryo sacs. These /are produced when an aposporous 
embryo sac ( l e f t ) forms, i n addition to the automictic embryo sac. 
The aposporous e.s i s smaller and has the egg c e l l placed towards i t s 
centre I t s antipodal c e l l s form a detached group. 
ant antipodal c e l l s . 
ar = archesporial c e l l . 
ap a- aposporous embryo sac. 
ant - automictic embryo sac. 
a. ant antipodal c e l l s of aposporous embryo sac. 
a. e s i — embryo sac i n i t i a l , aposporous. 
c - chalazal nucleus. 
e micropylar nucleus. 
egg = egg c e l l . 
en ss- paired polar nucHiei. 
i i = inner integument. 
m micropyle 
ms 1,2 & 3 ss the three degenerating megaspores. 
EC. —- mitotic metaphase i n nucellar c e l l . 
nc - compressed nucellar c e l l s . 
o i - outer integument. 
pei = pro-embryo i n i t i a l 
p i -r chalazal polar nucleus. 
p i i sr micropylar polar nucleus. 
sy a synergid 
X: = enucleate cytoplasm. 
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(en, i n f i g u r e 2 0 , 6, 7 and 8 ) . ' The remaining c h a l a z a l n u c l e i 
d i v i d e t o produce up t o 9 a n t i p o d a l c e l l s ( a n t , i n f i g u r e 2 0 , 7 
and 8 ) , and the r e m a i n i n g m i c r o p y l a r nucleus forms a s y n e r g i d 
(sy) which then degenerates. 

The d i p l o i d nucleus becomes surrounded by h i g h l y r e ­

f r a c t i v e , g r a n u l a r cytoplasm and i s cut o f f by a c e l l w a l l t o 

become the pro-embryo i n i t i a l ( p e i i n f i g u r e 2 0 , 6 , 7 and 8 ) . . 

I t always occupies a p o s i t i o n l a t e r a l t o the l o n g a x i s of the 

embryo sac, a t the m i c r o p y l a r end. 

This mode of p r o d u c t i o n of a d i p l o i d "egg" c e l l i s 

c a l l e d a u t o m i x i s and was f i r s t d e s c r i b e d by Thomas (1940) i n 

Rubus loganobaccus B a i l e y . Related processes, i n which chromo­

some d o u b l i n g occurs d u r i n g the m e i o t i c i n t e r p h a s e , are known i 

A l l i u m (Levan, 1935) and Hieracium (Bergman, 1 9 4 1 ) • 

Ovules i n which aposporous embryo sacs were observed 

were r a r e . Such ovules always contained two embryo sacs: one 

produced f r o m a reduced raegaspore (attt, i n f i g u r e 2 0 , 8) and 

the o t h e r from a n u c e l l a r megaspore ( a p ) . 

The aposporous embryo sac i s always disposed t o one 

side of the ovule. I t i s produced by t h r e e m i t o t i c d i v i s i o n s 

and i s t h e r e f o r e e i g h t - n u c l e a t e . The a n t i p o d a l n u c l e i become 

separated f r o m the embryo sac as a t h r e e - n u c l e a t e c e l l ( a . a n t ) 

which degenerates e a r l y . Tv/o p o l a r n u c l e i (a.pn) a s s o c i a t e t o ­

wards the m i c r o p y l a r end but seldom l i e i n a c e n t r a l p o s i t i o n 
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w i t h i n the embryo sac. The egg c e l l i s l a r g e by comparison w i t h 
those of reduced embryo sacs and i t s contents do not become 
g r a n u l a r . Two s y n e r g i d c e l l s a t the m i c r o p y l a r end degenerate 
e a r l y . 

The s t r u c t u r e of the aposporous embryo sac resembles 

t h a t , d e s c r i b e d by Snyder (1957)> i n Paspalum seoans H i t c h c . 

and Chase. 

Consequences of a u t o m i x i s 

U n l i k e o t h e r forms of agamospermy, a u t o m i x i s does not 

a l l o w the t r a n s m i s s i o n of h e t e r o z y g o s i t y , which may be present 

i n the p a r e n t , t o the o f f s p r i n g . I n d i p l o s p o r y the embryo sac 

mother c e l l develops fro m the a r c h e s p o r i a l c e l l , or from one 

c e l l produced from the a r c h e s p o r i a l c e l l , by m i t o t i c d i v i s i o n s 

alone. The d i p l o i d n u c l e i of the embryo sac t h e r e f o r e i n h e r i t 

the maternal d i p l o i d complement of chromosomes and any h e t e r o ­

z y g o s i t y which they c a r r y . I n apospory the f u n c t i o n o f the 

a r c h e s p o r i a l c e l l i s a b o r t e d and the embryo sac i s produced by 

m i t o t i c d i v i s i o n of one of the somatic c e l l s of the ovule. I n 

a d v e n t i t i o u s embryony the f u n c t i o n of the embryo sac i s ab o r t e d 

and the embryos develop from somatic c e l l s of the o v u l e . Since 

meiosis i s not i n v o l v e d i n these processes t h e r e can be no 

s e g r e g a t i o n of c h a r a c t e r s ¥/hich are present i n a heterozygous 

c o n d i t i o n i n the p a r e n t . 
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I n a u t o m i x i s the f o r m a t i o n of the embryo sac mother 

c e l l , by m e i o t i c d i v i s i o n of the a r c h e s p o r i a l c e l l , presents 

the p o s s i b i l i t y t h a t i n separate o v a r i e s any h e t e r o z y g o s i t y i n 

the parent genotype may be r e s o l v e d i n t o d i f f e r e n t combinations. 

The embryo sac n u c l e i a l l have the same h a p l o i d complement, and 

the f a i l u r e of the m i t o t i c products of* one m i c r o p y l a r nucleus 

t o separate must always r e s u l t i n the pro-embryo i n i t i a l b e i n g 

co m p l e t e l y homozygous:-

u n l i n k e d genes l i n k e d genes 

Parent genotype 

H a p l o i d E.M.C. 

D i p l o i d P.E.I. 

AaBb 

AB, Ab, aB or ab 

AABB, AAbb, aaBB 
or aabb 

C.c 
D d 

C, c 
D d 

C c ( o r — and —•, x-overs) d D ' 

C»Gy c » C j C • C c • c 
D D d d d d ° r D D 

Any p o p u l a t i o n of a u t o m i c t i c p l a n t s which evolves from 

a sexual ancestor, by a d o p t i o n of t h e a u t o m i c t i c b r e e d i n g mecha­

nism, must i n i t i a l l y c o n t a i n i n d i v i d u a l s w i t h numerous d i f f e r e n t 

genotypes. I t may be supposed t h a t many of the homozygous r e -

cessive c o n d i t i o n s would be at a s e l e c t i v e (advantage and t h a t 

the r e c e s s i v e a l l e l e s would r a p i d l y be e l i m i n a t e d from the popu­

l a t i o n . Genetic v a r i a b i l i t y i n such circumstances would be r e ­

s t r i c t e d t o somatic m u t a t i o n and changes i n chromosome s t r u c t u r e . 

I f these somatic events should become e s t a b l i s h e d i n a meristem 
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they might r e i n t r o d u c e h e t e r o z y g o s i t y i n the v e g e t a t i v e products 
of the meristem ( s t o l o n s , rhizomes and f l o w e r i n g stems). Gene­
t i c v a r i a b i l i t y would n o t , t h e r e f o r e , be v e r y g r e a t w i t h i n the 
p o p u l a t i o n . 

The e f f e c t of n a t u r a l s e l e c t i o n upon an a u t o m i c t i c 

p o p u l a t i o n w i l l be t o f a v o u r c e r t a i n genotypes and t o e l i m i n a t e 

o t h e r s . Since v a r i a t i o n can not be inc r e a s e d by sexual recom­

b i n a t i o n , the genotype a r r a y of the a u t o m i c t i c p o p u l a t i o n w i l l 

be much s m a l l e r than t h a t of a sexual p o p u l a t i o n , i n which a 

balanced reserve of h e t e r o z y g o s i t y i s main t a i n e d . 

A. compressus x f l e x u o s u s 

I n a l l m a t e r i a l of A. compressus x f l e x u o s u s examined, 

embryo sac f o r m a t i o n f a i l e d . The a r c h e s p o r i a l c e l l enlarges 

but e i t h e r degenerates b e f o r e the m e i o t i c d i v i s i o n commences o r , 

more c h a r a c t e r i s t i c a l l y , the t e t r a d i s produced and a l l the 

megaspores degenerate immediately. The ovary becomes elongated 

b e f o r e degeneration of the megaspores begins, b u t c o l l a p s e s as 

degeneration proceeds. 

A. f l e x u o s u s 

A d e t a i l e d i n v e s t i g a t i o n of embryo sac f o r m a t i o n has 

not been completed f o r t h i s species. Meiosis i n the megaspore 

mother c e l l i s delayed, w i t h r e s p e c t t o meiosis i n the p o l l e n 
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mother c e l l s . The consequence of t h i s i s t h a t the n u c e l l u s i s 
much l a r g e r than i n , say, A. compressus. Mature embryo sacs 
are s i t u a t e d c l o se t o the m i c r o p y l a r end of the ovule and have 
s t r u c t u r e s which c l o s e l y resemble those d e s c r i b e d below f o r 
A. b r e v i p e d u n c u l a t u s • 

A. b r e v i p e d u n c u l a t u s x compressus 

Degeneration of the whole t e t r a d of megaspores, e i t h e r 

b e f o r e or a f t e r the enlargement of the i n n e r p o t e n t i a l embryo 

sac i n i t i a l , caused the f a i l u r e of embryo sac f o r m a t i o n i n a l l 

the m a t e r i a l examined. 

A. arenosus 

Ho d e t a i l e d study of embryo sac f o r m a t i o n has been 

made i n t h i s species. The m e i o t i c d i v i s i o n of the a r c h e s p o r i a l 

c e l l i s g r e a t l y delayed, w i t h r e s p e c t t o the d i v i s i o n of the 

p o l l e n mother c e l l s , but on comple t i o n g i v e s a T-shaped t e t r a d . 

Only the i n n e r megaspore p e r s i s t s and g i v e s r i s e t o a seven-

n u c l e a t e embryo sac. I t i s probable t h a t the i n t e r m e d i a t e 

stages, i n the f o r m a t i o n of t h i s seven-nucleate stage, are the 

same as those d e s c r i b e d f o r A. b r e v i p e d u n c u l a t u s . 

A. a f f i n i s 

Embryo sac f o r m a t i o n has n o t been i n v e s t i g a t e d i n t h i s 
s p e c i e s . 



FIG-TIRE 21. 

A.breYipedunculatus. 1. Development of the pro-embryo 

"before the fusion and f i r s t d i v i s i o n of the polar n u c l e i . 

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

2. Development of the endosperm 

before the f i r s t dividion of the pro-embryo i n i t i a l . 

(Reconstructed from s e r i a l s e c t i o n s ) . 
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Embryo and endosperm f o r m a t i o n i n A. b r e v i p e d u n c u l a t u s 

There i s c o n s i d e r a b l e v a r i a t i o n i n the i n c i d e n c e of 

the f i r s t embryo and endosperm d i v i s i o n s - This species i s an 

autonomous apomict, t h e r e f o r e endosperm development i s not 

i n i t i a t e d by or dependent upon f e r t i l i s a t i o n of the p o l a r nuc­

l e u s . M u l t i n u c l e a t e endosperm was found in. o v a r i e s whose p r o -

embryo i n i t i a l s had not d i v i d e d ( f i g u r e 2 1 , 2.) . I n o t h e r 

o v a r i e s , pro-embryos of t e n t o twelve c e l l s were found, accom­

panied by unfused p o l a r n u c l e i , or by the u n i - n u c l e a t e p o l a r 

body ( f i g u r e 2 1 , 4 ) . As judged f r o m the f a c t t h a t o v a r i e s s e l ­

dom f a i l t o produce good f r u i t , the l a c k of s y n c h r o n i s a t i o n be­

tween endosperm and embryo development has l i t t l e e f f e c t i n the 

e a r l y stages. 

Counts of chromosomes d u r i n g m i t o t i c endosperm d i v i ­

s i o n showed t h a t the endosperm has the d i p l o i d somatic number 

of 40 ( f i g u r e 22, A ) . S i m i l a r counts made on endosperm of 

A. arenosus showed t h i s species a l s o t o have the somatic number 

of 60 ( f i g u r e 22, B ). This confirms t h a t b o t h species are apo-

m i c t i c and t h a t the seed develops autonomously. 



FIGURE 22. 

Endosperm m i t o s i s i n A.brevipedunoulatus ( a ) , 

showing 40 chromosomes, and JUarenosus ( b ) , showing 60 

chromosomes. 

These counts confirm t h a t i n both these species the 

endosperm i s produced w i t h o u t f e r t i l i s a t i o n . 

(Phase cont r a s t photomicrographs) 
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Experimental crosses 
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M a t e r i a l s and methods 

The p l a n t s employed i n the h y b r i d i s a t i o n experiments 

were s e l e c t e d f r o m the ex p e r i m e n t a l beds and e s t a b l i s h e d as 

s i n g l e p l a n t p o t - c u l t u r e s i n the br e e d i n g house. T h e i r c y t o ­

l o g y was examined by r o o t and anther squashes i n order t o ensure 

t h a t the h y b r i d s ' chromosome behaviour c o u l d be r e l a t e d t o the 

p a r e n t a l chromosome complements. 

The technique employed f o r cross p o l l i n a t i o n was 

s i m i l a r t o t h a t d e s c r i b e d by Jenkins (1924)• The i n f l o r e s c e n c e 

of the seed parent was reduced t o two racemes, t o f a c i l i t a t e 

h a n d l i n g , and was then i s o l a t e d under a l a r g e diathene bag u n t i l 

a n t h e s i s commenced. The s p i k e l e t s which opened on the f i r s t day 

were removed and, on the second and t h i r d days, the s p i k e l e t s 

which opened were emasculated and cross p o l l i n a t e d . A l l s p i k e ­

l e t s which had not f l o w e r e d by the t h i r d day were removed from 

the racemes and the i n f l o r e s c e n c e s ?/ere kept i s o l a t e d f o r a 

f u r t h e r 48 hours b e f o r e the diathene bags were removed. 

Two methods of a p p l y i n g p o l l e n were used. When the. 

p o l l e n parent had open s p i k e l e t s i t s i n f l o r e s c e n c e was brushed 

a g a i n s t the emasculated i n f l o r e s c e n c e of the seed parent and 

the l a t t e r was then i n s p e c t e d f o r the presence of p o l l e n upon 

the stigmas. When the anthers of the p o l l e n parent were unrup­

t u r e d , or when the p o l l e n parent s p i k e l e t s were not open, an­

t h e r s were removed w i t h f i n e forceps (from the open s p i k e l e t s 
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or from s p i k e l e t s which, i t was judged, c o n t a i n e d mature anthers) 
and were r u p t u r e d before being i n s e r t e d i n t o the f e r t i l e f l o r e t 
of the seed parent s p i k e l e t . 

Each of the crosses attempted was repeated on f o u r 

separate i n f l o r e s c e n c e s and i n a t o t a l of twenty s p i k e l e t s . 

The cross A. compressus x A. compressus x f l e x u o s u s was f u r t h e r 

repeated, i n a t o t a l of 60 s p i k e l e t s . 

Because A. compressus c o u l d be r e l i e d upon t o have 

open s p i k e l e t s every day i t was used as seed parent i n a l l the 

crosses. Ho crosses i n v o l v i n g A. a f f i n i s and A. brevipeduncu-

l a t u s x compressus were attempted. A> a f f i n i s was not used be­

cause, a l t h o u g h i t has a p p a r e n t l y evolved from A. compressus, 

any cross between these two species would o n l y be of use as an 

i n v e s t i g a t i o n of the p o s s i b l e mode of e v o l u t i o n of A. a f f i n i s . 

Since t h i s work i s p r i m a r i l y concerned w i t h West A f r i c a n t a x a 

i t was decided not t o employ A. a f f ' i n i s . A. b r e v i p e d u n c u l a t u s 

x compressus was not used, because of the d i f f i c u l t y of d e t e r ­

mining which s p i k e l e t s might c o n t a i n mature a n t h e r s . I t s s p i k e ­

l e t s never opened and i t s o v a r i e s were always c o l l a p s e d ; 

whereas i n the o t h e r taxa e i t h e r the s p i k e l e t s opened (so t h a t 

adjacent ones c o u l d a l s o provide anthers) or d i d not open but 

the s i z e of the o v a r i e s gave an i n d i c a t i o n of the m a t u r i t y o f 

the s p i k e l e t s and t h e i r a n t h e r s . 

The f o l l o w i n g crosses were attempted:-
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1. A. compressus (101, 2n=40) X A. compressus x f l e x u o s u s 
(201, 2n=c.50) 

2. A. compressus x A. f l e x u o s u s (206, 2n=60) 

3. A. compressus X A. arenosus (304) 2n=60) 

4- A. compressus X A. b r e v i p e d u n c u l a t u s (302, 2n=40) 

A. compressus x A, compressus X f l e x u o s u s 

Seven seeds were ob t a i n e d from, t h i s cross and f o u r 

s e e d l i n g s were r a i s e d t o the tyro or t h r e e l e a f stage b e f o r e they 

d i e d . The se e d l i n g s were c h l o r o t i c and t h e i r d e f i c i e n t pigmen­

t a t i o n might have r e s u l t e d from the l a c k of t r a n s m i s s i o n of some 

c o n t r o l system from the p o l l e n p a r e n t . The low i n t e r f e r t i i i t y 

of the cross can be e x p l a i n e d as be i n g caused by g e n e t i c un­

balance of the microspore n u c l e i . Few such microspore n u c l e i 

would g i v e r i s e t o male gametes which were f u n c t i o n a l or which 

would produce a f u n c t i o n a l z y g o t i c c o n d i t i o n . I t should, ho?/-

ever, be p o s s i b l e t o o b t a i n an o c c a s i o n a l v i a b l e h y b r i d from 

t h i s c r o s s . 

A. compressus x A. f l e x u o s u s 

Fourteen f r u i t s were o b t a i n e d from t h i s cross and nine 

h y b r i d s were r a i s e d . The m o r t a l i t i e s were probably due t o the 

p l a n t s concerned being unable t o r e s i s t the a t t a c k s of f u n g i 

and t h r i p s which were found on them. (For long p e r i o d s d u r i n g 



FIGURE 23. 

Meiosis i n 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 d i s t i n c t i n 

the photograph. 

(Phase contrast photomicrograph) 
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the year, the atmospheric h u m i d i t y i n Freetown i s between 85/o 
and 100$. Under these circumstances, i t i s v i r t u a l l y i m p o s s i b l e 
t o m a i n t a i n s t e r i l e c o n d i t i o n s w i t h o u t g r e a t l y a l t e r i n g the am­
b i e n t temperature.) 

A. compressus x A. arenosus 

Sine f r u i t s were o b t a i n e d from the cross and seven 

h y b r i d s were r a i s e d . 

A. compressus x A. b r e v i p e d u n c u l a t u s 

Eighteen f r u i t s were o b t a i n e d , of which seven f a i l e d 

t o germinate. E i g h t h y b r i d s were r a i s e d . 
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Morphology of the h y b r i d s 

A b i o m e t r i c comparison of the h y b r i d s was made and the 

r e s u l t s are c o n t a i n e d i n Tables 19 and 20. Table 1Q compares 

the means of samples of 20 measurements (except f o r s p i k e l e t 

and f e r t i l e f l o r e t l e n g t h s and percentage of good p o l l e n , f o r 

which the samples were of 100 measurements) and a l s o compares 

the h a i r i n e s s of the nodes, leaves and s p i k e l e t s . The lower 

f i g u r e s , a s i n Table 2, are the standard e r r o r s of the means. 

The h y b r i d s of the cross A. compressus x A. flexuosus 

were v a r i a b l e i n the l e n g t h s of the c u l m - l e a f , culm-sheath and 

s t o l o n i n t e r n o d e s . The culm leaves were conspicuously s h o r t e r 

than those of e i t h e r parent and the s t o l o n i n t e r n o d e s , a l t h o u g h 

of i n t e r m e d i a t e l e n g t h , were slender and v e r y v a r i a b l e i n l e n g t h . 

Maternal c h a r a c t e r s which appeared i n the h y b r i d s i n c l u d e d h a i r y 

s t o l o n nodes and r e d d i s h s t o l o n i n t e r n o d e s but the l e n g t h of the 

t i l l e r leaves more c l o s e l y resembled t h a t of the p o l l e n p a r e n t . 

The second glume had f i v e v e i n s , l i k e the seed p a r e n t . 

The h y b r i d s of the cross A. compressus x A. arenosus 

were v i g o r o u s . One p l a n t was c h i o r o t i c and much le s s v i g o r o u s 

than the o t h e r s . They had i n t e r m e d i a t e l e a f w i d t h s and s p i k e l e t 

l e n g t h s and the e x s e r t i o n of the i n f l o r e s c e n c e s was v a r i a b l e , 

but more s i m i l a r t o the e x s e r t i o n i n A. compressus. They had 

h a i r y s t o l o n nodes, l i k e A. compressus, but i n a l l o t h e r charac­

t e r s were l a r g e r than e i t h e r p a r e n t . A l l the parameters showed 
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Table 19 

Comparison of dimensions of h y b r i d s 

H y b r i d A B C 

Culm l e n g t h 38.0 
0.641 

32.1 
O.983 

18.9 
O.369 

Culm-sheath 14.0 
0.313 

16.2 
0.372 

11.7 
0.407 

Culm-leaf 4.7 
0.115 

7.0 
0.284 

5.6 
0.326 

T i l l e r l e a f l e n g t h 23.6 
0.457 

18.9 
0.628 

11.1 
0.313 

T i l l e r l e a f w i d t h 12.5 
O.096 

13.2 
0.411 

14.0 
0.204 

S t o l o n i n t e r n o d e 7.1 
O.442 

8.0 
0.303 

4.8 
0.137 

St o l o n w i d t h 2.4 2.2 1.8 
Longest raceme 13.5 12.0 8.2 
S p i k e l e t l e n g t h 2.5 

0.021 
2.6 

0.029 
2.4 

0.022 
F e r t i l e f l o r e t 1.7 1.9 1.7 
Nodal h a i r s ++ ++ 
Leaf h a i r s - - + 
S p i k e l e t h a i r s - + +• 

$ good p o l l e n 20 10 32 

The means are f o r samples of 20 measurements, except 

f o r s p i k e l e t and f e r t i l e f l o r e t l e n g t h s and percentage good p o l ­

l e n . The lower f i g u r e s are standard e r r o r s o f the means. 

A * A. compressus x A. f l e x u o s u s 
B = A. compressus x A. arenosus 
c = A. compressus x A. br e v i p e d u n c u l a t u s 
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h i g h v a r i a b i l i t y ; the l e a s t v a r i a b l e being s p i k e l e t l e n g t h . 

The h y b r i d s o b t a i n e d from the cross A. compressus x 

A. b r e v i p e d u n c u l a t u s were m o r p h o l o g i c a l l y v a r i a b l e , p a r t i c u l a r l y 

i n the h a i r i n e s s and c o l o u r c h a r a c t e r s of the s t o l o n s and leaves 

and the l e n g t h s of the culm-sheath and i t s l e a f . A l l the p l a n t s 

were rob u s t and had broader b u t s h o r t e r leaves than e i t h e r of 

t h e i r p a r e n t s . 

The h y b r i d s are compared w i t h t h e i r parents i n Table 20, 

which i s compiled from the data c o n t a i n e d i n Tables 2 and 19. 

As i n Table 4, the mean values of the parameters are compared i n 

p a i r s by Student's t - t e s t , f o r 38 degrees of freedom (98 degrees 

of freedom f o r s p i k e l e t l e n g t h ) . Values of t g r e a t e r than 3*29 

are i n t e r p r e t e d as i n d i c a t i n g t h a t the means are s i g n i f i c a n t l y 

d i f f e r e n t a t the 0.1$ l e v e l of p r o b a b i l i t y . 

The Table shows t h a t a l l the h y b r i d s are s i g n i f i c a n t l y 

d i f f e r e n t from t h e i r parents i n re s p e c t of t h e i r culm l e n g t h s 

and s p i k e l e t l e n g t h s . The A. cornpressus x A. f i e x u o s u s h y b r i d s 

are not s i g n i f i c a n t l y d i f f e r e n t from t h e i r p a t e r n a l parent i n 

respec t of t i l l e r - l e a f l e n g t h and. the A. compressus x A. arenosus 

h y b r i d s are not s i g n i f i c a n t l y d i f f e r e n t from t h e i r maternal par­

ent i n resp e c t of culm - l e a f l e n g t h . The A. compressus x A. b r e ­

v i p e d u n c u l a t u s h y b r i d s are not s i g n i f i c a n t l y d i f f e r e n t from t h e i r 

maternal parent i n resp e c t of culm - l e a f l e n g t h and s t o l o n i n t e r -

node l e n g t h and are not s i g n i f i c a n t l y d i f f e r e n t from t h e i r 
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Table 20 

Comparison of h y b r i d s and t h e i r parents 
(The h y b r i d s are i n d i c a t e d by the same symbols as i n Table 1 9 . ) 

Parents A. comp. A. f l e x . A. aren. A. b r e v i . 
Hybrids 

Culm l e n g t h A 16.1 14.6 
B 5-6 1 8 . 2 

C 14.7 8 . 1 

Culm-sheath A 9.7 3 5 - 1 

B 1 2 . 4 2 6 . 8 

C 4.6 0.6 

Culm-leaf A 5-7 16.6 
B 0.6 5.9 

C 2.3 2.0 

T i l l e r - l e a f A 1 5 . 3 0.9 
l e n g t h B 4.6 1 0 . 3 

C 1 3 . 7 2.6 

T i l l e r - l e a f A 7.5 3 9 - 6 
w i d t h B 6.3 4-4 

C 1 0 . 5 0.7 

S t o l o n A 3.7 3 4 . 9 
i n t e r n o d e B 7.7 1 0 . 0 

C 2.9 1 4 . 9 

S p i k e l e t s A 1 0 . 6 2 6 . 3 

B 1 1 . 5 1 1 . 5 

C 6.9 1 2 . 6 

The t a b l e c o n t a i n s values of t ( d i f f e r e n c e between means -f r o o t 
of the sum of the squares of the standard e r r o r s ) , of which 
those g r e a t e r than 3.29 i n d i c a t e t h a t the d i f f e r e n c e s between 
the means are s i g n i f i c a n t l y d i f f e r e n t . 
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p a t e r n a l parent i n r e s p e c t of the l e n g t h s of the c u l m - l e a f and 

culm-sheath, or the l e n g t h and w i d t h of the t i l l e r - l e a v e s . 

Cytology of the h y b r i d s 

A. compressus x A. f l e x u o s u s . Eoot t i p squashes, 

a f t e r p r e - t r e a t m e n t w i t h a-rnono~bromo-naphthalene, gave a soma­

t i c chromosome number of 5 0 * Meiosis i n the p o l l e n mother c e l l s 

was i r r e g u l a r and e x h i b i t e d c o n s i d e r a b l e ' s t i c k i n e s s ' of the 

chromosomes. At d i a k i n e s i s the chromosomes were i n t e r c o n n e c t e d 

by a t t e n u a t e d threads and so formed m u l t i v a l e n t s ( f i g u r e 2 3 ) . 

This suggests t h a t the l i n e a r s t r u c t u r e of the p a r e n t a l chromo­

somes i s d i f f e r e n t and, since few u n i v a l e n t s were formed, t h a t 

the more numerous chromosomes of the p o l l e n parent have segmen­

t a l homology w i t h those of A. compressus. 

Only 20̂ c of the p o l l e n g r a i n s examined s t a i n e d w i t h 

aceto-carmine and the o v a r i e s c o l l a p s e d a t a v e r y e a r l y stage. 

A. compressus x A. arenosus. P r e - t r e a t e d r o o t t i p s 

gave a somatic chromosome number of 5 0 • Meiosis i n the p o l l e n 

mother c e l l s was i r r e g u l a r due t o the f o r m a t i o n of m u l t i v a l e n t s . 

No u n i v a l e n t s were observed. 

Less than 10%. of the p o l l e n g r a i n s s t a i n e d and the 

o v a r i e s c o l l a p s e d a t an e a r l y stage. 

A. compressus x A. b r e v i p e d u n c u l a t u s . P r e - t r e a t e d 
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r o o t t i p s gave a somatic chromosome number of AO- Meiosis i n 

the p o l l e n mother c e l l s was i r r e g u l a r due t o the f o r m a t i o n of 

q u a d r i v a l e n t s and t r i v a l e n t s , but no u n i v a l e n t s were observed. 

This suggests t h a t the p a r e n t a l sets of chromosomes d i f f e r i n 

l i n e a r s t r u c t u r e and i n r e s p e c t of i n t e r c h a n g e d segments; i n 

the p a r e n t a l 'homozygote 1 the i n t e r c h a n g e chromosomes would p a i r 

n o r m a l l y but i n the 'heterozygous' h y b r i d i n t e r c h a n g e and normal 

chromosomes would form q u a d r i v a l e n t s . 

329i of the p o l l e n g r a i n s s t a i n e d and the o v a r i e s c o l ­

lapsed a t an e a r l y stage. 

The c y t o l o g y of the a r t i f i c i a l h y b r i d s d i f f e r s f r o m 

t h a t of the n a t u r a l h y b r i d s . The l a t t e r produce a h i g h p r o p o r ­

t i o n of b i v a l e n t s whereas the former produce m u l t i v a l e n t s . This 

c o u l d be e x p l a i n e d by the f a c t t h a t t h e n a t u r a l h y b r i d s have 

been exposed t o n a t u r a l s e l e c t i o n which has f a v o u r e d those p l a n t s 

w i t h the h i g h e s t degree of chromosome homology. This does not 

h o l d f o r two of the A. compressus x f l e x u o s u s p o p u l a t i o n s (202 

and 204) which have been examined. I f such s e l e c t i o n c o n t i n u e d , 

a s t a t e of f u l l homology would f i n a l l y be achieved and t h i s 

might be accompanied by an a b i l i t y t o produce seed. 

M o r p h o l o g i c a l l y , the a r t i f i c i a l h y b r i d s of the cross 

A. compressus x A. f l e x u o s u s were s m a l l e r i n most res p e c t s than 

the n a t u r a l A. compressus x f l e x u o s u s . T h e i r s t o l o n s and racemes 
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were of about the same dimensions and t h e i r leaves were r i g i d 
and w i t h o u t epidermal h a i r s . A c l o s e r resemblance t o n a t u r a l 
A. compressus x i'iexuosus was found i n the h y b r i d s of the cross 
A. compressus x A. arenosus. The l a t t e r were l e s s t a l l and had 
s h o r t e r t i l l e r - l e a v e s and, because they were l e s s s t o l o n i f e r o u s , 
they formed r o s e t t e s r a t h e r than t u f t s as i n the n a t u r a l h y b r i d . 
I n a l l the o t h e r c h a r a c t e r s t h e r e was l i t t l e d i f f e r e n c e between 
the two. 

A r t i f i c i a l A. compressus x A. b r e v i p e d u n c u l a t u s had 

s l i g h t l y l o n g e r leaves, l o n g e r and more slend e r s t o l o n i n t e r n o d e s 

and s h o r t e r s p i k e l e t s than n a t u r a l A. b r e v i p e d u n c u l a t u s x com­

pressus but t h e r e was a s t r o n g s i m i l a r i t y between the two i n a l l 

the o t h e r c h a r a c t e r s . 
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Discussion 
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Some c i r c u m s t a n t i a l evidence r e l a t i n g t o the presence 
Axonopus i n West A f r i c a w i l l he considered, b e f o r e a d i s c u s ­

s i o n of the taxonomic proposals and e v o l u t i o n a r y processes. 
The taxonomy w i l l be discussed i n r e l a t i o n t o the d i s t r i b u t i o n 
of the West A f r i c a n t a x a , and t h e i r v a r i a b i l i t y . The e v o l u t i o n 
of the taxa recognised i n t h i s account w i l l be discussed i n 
terms of e c o l o g i c a l v a r i a b i l i t y , c y t o l o g i c a l changes and apo-
m i x i s . 

Two opposite views are h e l d concerning the r e g i o n i n 

which the Paniceae o r i g i n a t e d . H a r t l e y ( 1 9 5 8 ) f a v o u r e d the view 

t h a t the endemics of Madagascar (Lecomtelleae and B o i v i n e l l e a e ) 

and the r e l a t e d South A f r i c a n Miscanthidium (Andropogoneae but 

close t o the Paniceae ( P i l g e r , 1 9 5 4 , Tateoka, 1 9 5 7 ) ) i n d i c a t e 

a South A f r i c a n c e n t r e of o r i g i n f o r the whole of the Panicoideae. 

P o t z t a l ( 1 9 5 6 ) favoured the view t h a t the 8 1 genera which are 

endemic i n the Western hemisphere, of vrtiich 4 1 a^e c o n f i n e d t o 

t h a t area, i n d i c a t e a t r o p i c a l American c e n t r e of o r i g i n . I t i s 

l a r g e l y a ma t t e r f o r p h i l o s o p h i c a l c o n j e c t u r e as t o whether; 

1 . the Paniceae p r o l i f e r a t e d d u r i n g t h e i r m i g r a t i o n from a South 

A f r i c a n o r i g i n t o the South American area, or 

2. the main p r o l i f e r a t i o n was i n a South American c e n t r e of 

o r i g i n , from, which l i t t l e m i g r a t i o n has oc c u r r e d , or 

3. the c e n t r e of o r i g i n was s p l i t by C o n t i n e n t a l D r i f t , and 
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the new c l i m a t i c regime of South America f a v o u r e d g r e a t e r p r o ­

l i f e r a t i o n than was p o s s i b l e i n South A f r i c a . 

The present preponderance of Paniceae i n ffi'.B. t r o p i c a l 

America i s due t o the l a r g e generg, Paspalum, Panicum and Axono-

pus. There can be no doubt t h a t Axonopus o r i g i n a t e d i n t h a t 

area and t h a t i t s advanced form i n d i c a t e s a f a i r l y r e c e n t o r i g i n . 

The percentages of" Panic eae i n the grass f l o r a s of the w o r l d are 

mapped i n f i g u r e 2 4 . I t w i l l be seen t h a t the h i g h e s t percen­

tages are i n N.E. t r o p i c a l America, the area i n v/hich t h e r e i s 

the g r e a t e s t number of Axonopus species ( f i g u r e l ) . Outside 

t h a t area o n l y the A. compressus complex extends as a d i s j u n c t 

s e r i e s of p o p u l a t i o n s through most of the t r o p i c s and some sub­

t r o p i c a l areas. 

A. compressus - sensu l a t o - has been i n t e n t i o n a l l y 

i n t r o d u c e d i n t o A u s t r a l i a and the Malayan A r c h i p e l a g o and a t ­

tempts a t i n t r o d u c t i o n have been made elsewhere. Although l i t t l e 

d e f i n i t e i n f o r m a t i o n has been o b t a i n e d , the w r i t e r considers 

t h a t i n t e n t i o n a l or a c c i d e n t a l i n t r o d u c t i o n can account f o r the 

presence of A. compressus i n a l l i t s non-American areas. This 

view i s h e l d f o r two reasons. F i r s t , i t i s the o n l y species 

(complex) of which herbarium m a t e r i a l from the non-American 

areas has been found. Many h e r b a r i a c o n t a i n specimens of A l i o -

t e r o p s i s species v/hich are shelved as species of Axonopus, but 

th e r e i s no doubt t h a t these are not species of Axonopus. 



FISOEE 24. 

Map showing the percentage of Paniceae i n the 

grass f l o r a s of the -world ( a f t e r H a r t l e y , 1958). 

The Paniceae are most numerous i n t r o p i c a l American 

grass f l o r a s and i n West and Central A f r i c a . The h i g h 

percentage i n N.E. t r o p i c a l America i d due to the three 

l a r g e genera Axonopus, Paspalum & Panicum 
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Second, a l t h o u g h many major c o l l e c t i o n s had been made p r e v i o u s l y , 
the e a r l i e s t c o l l e c t i o n s of A. compressus from the non-American 
areas are dated between I84O and the p r e s e n t . For example, a t 
l e a s t e i g h t c o l l e c t o r s had worked on the f l o r a around Cape Coast, 
i n Ghana, from 1 6 9 7 t o the time B a r t e r c o l l e c t e d the f i r s t spe­
cimen of A. compressus i n I842. Beauvois h i m s e l f c o l l e c t e d i n 
the area i n 1 7 8 6 . By c o n t r a s t , a g r e a t number of c o l l e c t i o n s 
had been made i n America p r i o r t o I85O. Today, A. compressus 
i s a v e ry conspicuous component of the vreed f l o r a s throughout 
West A f r i c a , hence i t i s d i f f i c u l t t o imagine why e a r l y c o l l e c ­
t o r s f a i l e d t o c o l l e c t specimens - unless t h e r e were none. I t 
might be reasoned t h a t b e f o r e the f i r s t c o l l e c t i o n s were made 
i t was a much l e s s conspicuous weed because t h e r e were fewer 
and s m a l l e r towns and v i l l a g e s and fewer s u i t a b l e h a b i t a t s . 
This might be t r u e f o r the h i g h f o r e s t zones and a r i d zones, 
but f o r the g r e a t e r p a r t of West A f r i c a , v i l l a g e c l e a r i n g s and 
networks of pathways p r o v i d e d h a b i t a t s i n which the i t i n e r a n t 
c o l l e c t o r c o u l d s c a r c e l y have f a i l e d t o observe any Axonopus 
which might have been p r e s e n t . The weight of c i r c u m s t a n t i a l 
evidence f a v o u r s the view t h a t i t was not present u n t i l a f t e r 
1 7 9 0 . I t was n o t u n t i l then t h a t the f l o w of slaves from A f r i c a 
t o America was r e versed; the f i r s t t o r e t u r n d i r e c t from the 
Bahamas a r r i v e d i n 1 7 9 2 ; they came f r o m Jamaica i n 1799? and 
the f l o w i n c r e a s e d a f t e r the a b o l i t i o n of s l a v e r y . i n 1 8 0 7 . 
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L i k e most o t h e r t r o p i c a l people, the A f r i c a n r e l i e s upon g r a i n 

crops f o r a t l e a s t p a r t of h i s s t a p l e d i e t . Since the g r a i n 

i s s u n - d r i e d by spreading i t upon the ground, i t i s p o s s i b l e 

t h a t some Axonopus seed may a c c i d e n t a l l y become mixed w i t h i t . 

G r a i n c a r r i e d as p r o v i s i o n s f o r the journey from America, or as 

seed, might thus have i n c l u d e d Axonopus seed. This method of 

t r a n s p o r t c o u l d have played an i m p o r t a n t p a r t i n the spread of 

Axonopus i n many o t h e r t r o p i c a l areas. 

Assuming t h a t d i s p e r s a l was by means of seed, i t may 

appear remarkable t h a t A. compressus - sensu l a t o - i s the o n l y 

t r o p i c a l American species t o a t t a i n a widespread d i s t r i b u t i o n . 

T h i s i s the o n l y species complex which i s present i n the i s l a n d s 

and c o a s t a l areas of the Caribbean Sea and Gulf of Mexico. The 

m a j o r i t y of species occur i n the i n t e r i o r of southern t r o p i c a l 

America. Herbarium specimens which have been examined from the 

Caribbean area, i n c l u d e some which the w r i t e r has determined as 

A. b r e v i p e d u n c u l a t u s . A. a f f i n i s i s common on the n o r t h e r n s i d e 

of the Gulf of Mexico. 

The r e c o g n i t i o n of d i s c r e t e taxa w i t h i n the complex 

i n America (e.g. the v a r i e t y j e s u i t i c a A r a u j o , and A. a f f i n i s 

Chase), and p a r t i c u l a r l y of v a r i a t i o n i n chromosome number (see 

page 6 9 ) , i n d i c a t e t h a t the complex i s i n a dynamic c o n d i t i o n 

t h e r e . I t i s i m p o s s i b l e t o assess how much of such v a r i a b i l i t y 

might have accompanied the e a r l i e s t m a t e r i a l s brought t o West 
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A f r i c a , b ut t h r e e aspects of the present West A f r i c a n p o p u l a t i o n s 
are s i g n i f i c a n t i n t h i s r e s p e c t . F i r s t , t h e r e was no r e c o r d of 
A. a f f i n i s anywhere i n West A f r i c a b e f o r e 1 9 4 0 . I t may have 
been i n t r o d u c e d a t about t h a t time by Americans concerned w i t h 
the rubber p l a n t a t i o n s i n L i b e r i a . I t s g r e a t success i n S i e r r a 
Leone since i t s i n t r o d u c t i o n f o r t h i s present work suggests 
t h a t , had i t been i n t r o d u c e d e a r l i e r , i t would have now been 
widespread. As t h i s i s not the case, i t would appear u n l i k e l y 
t h a t i t had been i n t r o d u c e d on a pr e v i o u s occasion. Second, 
A. f l e x u o s u s occupies v e r y r e s t r i c t e d h a b i t a t s on seasonal f l o o d -
p l a i n s , marshes and r i v e r banks i n the c o a s t a l t e r r i t o r i e s from 
Guinea t o the Congo, and on marshes and r i v e r banks around the 
g r e a t lakes of East and C e n t r a l A f r i c a . The i n l a n d p o p u l a t i o n s 
are connected w i t h the c o a s t a l ones by i s o l a t e d p o p u l a t i o n s 
along the Congo Riv e r (Eala, C o q u i l h a t v i l l e , e t c . ) . The f i r s t 
r e c o r d from the Congo i s the specimen c o l l e c t e d i n 1 8 8 8 by Hens, 
and i t seems p o s s i b l e t h a t i t s spread i n l a n d may have been made 
p o s s i b l e by the w e l l developed r i v e r , road and r a i l systems 
which have encouraged human m i g r a t i o n as w e l l as f a c i l i t a t i n g 
e x p l o i t a t i o n of m i n e r a l d e p o s i t s . T h i r d , the c y t o l o g i c a l v a r ­
i e t y r e p o r t e d f o r American m a t e r i a l has i t s p a r a l l e l i n the 
A f r i c a n m a t e r i a l . This suggests t h a t c y t o l o g i c a l v a r i a b i l i t y 
e x i s t e d i n the f i r s t m a t e r i a l s brought t o West A f r i c a . 

These are a l l s p e c u l a t i v e c o n s i d e r a t i o n s but they p r o -
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v i d e the i n i t i a l assumptions t h a t Axonopus was i n t r o d u c e d i n t o 
A f r i c a i n f a i r l y r e c e n t t i m e s , i t was i n t r o d u c e d as seed, and 
the seed was f r o m parents which were probably m o r p h o l o g i c a l l y 
and c y t o l o g i c a l l y v a r i a b l e . 

The "ffest A f r i c a n species d i f f e r i n t h e i r e c o l o g i c a l 

r e quirements. A. arenosus i s o n l y known from sandy maritime 

h a b i t a t s i n which i t experiences s o i l s a l i n i t y , or p h y s i o l o g i c a l 

drought, and b u r i a l by the loose sand. A. f l e x u o s u s i s c o n f i n e d 

t o h a b i t a t s which experience a t l e a s t seasonal f l o o d i n g . I t s 

p o p u l a t i o n s are w i d e l y separated f r o m each o t h e r . Even d u r i n g 

the dry season the supply of water f r o m the s o i l i n these h a b i ­

t a t s i s s u f f i c i e n t f o r t h i s species t o p e r s i s t as a t u r f . A. 

b r e v i p e d u n c u i a t u s i s the most weed-like species, o c c u r r i n g on 

bare ground i n v i l l a g e s and on farms. I n such h a b i t a t s i t ex­

periences g r e a t extremes of d a i l y temperature change and season­

a l water supply. 

The d i f f e r e n c e s between the species are not o n l y eco­

l o g i c a l , but a l s o those of morphology, chromosome number and 

b r e e d i n g mechanism. The m o r p h o l o g i c a l d i f f e r e n c e s between the 

species and n a t u r a l h y b r i d s support the proposed taxonomy. The 

d i f f e r e n c e s which are found i n p l a n t s from w i l d p o p u l a t i o n s 

p e r s i s t when the p l a n t s are grown t o g e t h e r under e x p e r i m e n t a l 

c o n d i t i o n s . The m o r p h o l o g i c a l changes which r e s u l t from exposure 
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t o d i f f e r e n t environments, or mowing, or from seasonal changes, 
i n d i c a t e t h a t c e r t a i n c h a r a c t e r s are much more v a r i a b l e than 
o t h e r s . Amongst such v a r i a b l e c h a r a c t e r s are some which have 
been a f f o r d e d taxonornic s i g n i f i c a n c e . The s p i k e l e t l e n g t h s r e ­
corded f o r p l a n t s grown under d i f f e r e n t shading c o n d i t i o n s , and 
f o r p l a n t s a t d i f f e r e n t times of the year, show t h a t t h i s char­
a c t e r i s i n f l u e n c e d by the environment. I n the same way l e a f 
s i z e and culm l e n g t h are a l s o m o d i f i e d by the environment and 
by mowing. Such changes reduce the p r e c i s i o n w i t h which the 
taxa can be separated on the ba s i s of s i n g l e c h a r a c t e r s , b ut 
they do not make t h e i r s e p a r a t i o n i m p o s s i b l e . For example, t h e 
s p i k e l e t l e n g t h of A. compressus x f l e x u o s u s v a r i e s from 2.7 t o 
4-0 mm and t h a t of A. b r e v i p e d u n c u l a t u s v a r i e s from 2.8 t o 3*4 
mm. This o v e r l a p does not make i t i m p o s s i b l e t o d i s t i n g u i s h 
between l i v e p l a n t s , or herbarium specimens, or even s i n g l e 
s p i k e l e t s of these two t a x a , by the use of o t h e r c h a r a c t e r s . 

The v a r i a t i o n d e t e c t e d i n chromosome numbers c o n s i s t s 

of changes i n v o l v i n g the presence of a d d i t i o n a l chromosomes and. 

of changes i n v o l v i n g p o l y p l o i d y . 

V a r i a t i o n i n chromosome number w i t h i n c l o n e s , w i t h i n 

a s i n g l e p l a n t and even w i t h i n a s i n g l e s p i k e l e t or r o o t m e r i -

stem has been demonstrated by s e v e r a l authors (Hakanson, 19 5 4 ? 

M i l i n k o v i c , 1 9 5 7 , Muntzing, 1 9 4 8 , N i e l s o n , 1 9 5 9 j Nygren, 1 9 5 8 , 

Guildenhuys and B r i x , 1 9 5 8 ) . The v a r i a t i o n s i n c l u d e t r i s o m i e s 
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i n v o l v i n g one or s e v e r a l chromosomes, somatic d o u b l i n g of the 
whole or o n l y p a r t of the chromosome complement, chromosome 
f r a g m e n t a t i o n and the presence of B-chromosomes. The B-chromo-
somes have l i t t l e or no homology w i t h the somatic or A-chromo-
somes and they can g i v e r i s e t o somatic mozaics, i n which the 
somatic numbers d i f f e r as much as s e v e n f o l d , through non­
d i s j u n c t i o n . The o r i g i n of the B-chromosomes i s u n c e r t a i n , but 
they are thought t o o r i g i n a t e through f r a g m e n t a t i o n f o l l o w e d by 
l i n e a r rearrangement of the A-chromosornes. This i s then f o l ­
lowed by h e t e r o c h r o m a t i n i s a t i o n (Avdulov and T i t o v a , 1933? 
D a r l i n g t o n , I 9 6 3 , C l e l a n d , 1 9 5 1 , Reese, 1 9 5 4 , Lewis, 1 9 5 1 , 1 9 5 3 , 
Bosemark, 1 9 5 7 ) i n & manner s i m i l a r t o the d i f f e r e n t i a l s of sex 
chromosomes (Melander, 1 9 5 0 , V i r k i i , 1 9 5 4 , Vaarma, 1 9 5 3 , Sorsa, 

1 9 5 6 ) . The e x t e n t t o which they may be caused by h a n d l i n g 

d u r i n g the making of p r e p a r a t i o n s i s u n c e r t a i n . Examples are 

known of a d d i t i o n a l chromosomes v/hich are m o r p h o l o g i c a l l y i n ­

d i s t i n g u i s h a b l e from the A-chromosomes. The behaviour of the 

B-chromosomes d u r i n g meiosis i s not p r e d i c t a b l e (Mochizuki, 

1 9 5 7 ) but they are known t o cause s t i c k i n e s s of the f i r s t meta-

phase, i r r e g u l a r i t i e s of d i s j u n c t i o n and even n o n - d i s j u n c t i o n . 

These i r r e g u l a r i t i e s are commonly c o n f i n e d t o microsporogenesis 

and cause v a r i a t i o n i n gametic chromosome numbers. When t h e r e 

i s p a r t i a l p a i r i n g w i t h the A-chromosomes the m e i o t i c d i v i s i o n s 

may occur p r e c o c i o u s l y or be r e t a r d e d . 
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No d e t a i l e d i n v e s t i g a t i o n has "been made of the morpho­
lo g y of the chromosomes i n the present work. The m e i o t i c be­
ha v i o u r of some p l a n t s of A. compressus suggests t h a t they have 
B-chromosom.es. Because of the u n c e r t a i n t y concerning the t r u e 
n a t u r e of the q u a d r i v a l e n t s recorded (Table 1 0 ) i t can not be 
s a i d whether or not the B-chromosomes have any homology w i t h 
the A-chromosomes. I n some p l a n t s of A. b r e v i p e d u n c u l a t u s the 
presence of two e x t r a chromosomes has e a r l i e r been a t t r i b u t e d 
t o f r a g m e n t a t i o n or t o t h e i r b e ing B-chromosomes. The presence 
of two m e i o t i c u n i v a l e n t s i n such p l a n t s suggests t h a t t h e i r 
b e i n g B-chromosomes i s the more l i k e l y e x p l a n a t i o n . 

I n the n a t u r a l h y b r i d A. compressus x f l e x u o s u s the 

d i p l o i d numbers recorded suggest t h a t these p l a n t s arose from 

crosses between 2n=40 and 2n=60 p a r e n t s . The presence of up t o 

f o u r e x t r a chromosomes i n some p l a n t s again suggests t h a t these 

are B-chromosomes. The d i p l o i d number of 4 8 , however, r e q u i r e s 

some o t h e r e x p l a n a t i o n . The p o p u l a t i o n ( L e i c e s t e r ) from which 

these 2n=48 p l a n t s were c o l l e c t e d has been sampled on s e v e r a l 

occasions. No 2n=60 p l a n t s have been found i n or near the popu­

l a t i o n . I t seems u n l i k e l y t h a t t h i s p o p u l a t i o n has a r i s e n f r o m 

a cross between 2n=40 and 2n=60 p a r e n t s , but t h a t i t i s a popu­

l a t i o n i n which B-chromosomes have accumulated. This problem 

i s s t i l l under examination and a c e r t a i n amount of evidence 

(not presented here) has been o b t a i n e d , which i n d i c a t e s t h a t 

http://B-chromosom.es
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chromosome number v a r i e s w i t h i n a s i n g l e p l a n t . I f t h i s i s the 
case, i t would e x p l a i n the i r r e g u l a r i t i e s of p o l l e n meiosis and 
i t s p r o d u c t s ; since p o l l e n mother c e l l s w i t h many B-chromosomes 
have more i r r e g u l a r meiosis than those w i t h few, and produce a 
h i g h e r p r o p o r t i o n of m i c r o n u c l e i . 

The species examined form a p o l y p l o i d , s e r i e s . Since 

the genus a l s o c o n t a i n s species w i t h 2n=20 (A. scoparius and 

A. i r i d a c e u s ) A. compressus and A. h r e v i p e d u n c u l a t u s must be 

regarded as t e t r a p l o i d s , A. f l e x u o s u s and A. arenosus as hexa-

p l o i d s and the i n t r o d u c e d American species, A. a f f i n i s , as 

o c t o p l o i d . The m e i o t i c behaviour of a l l these species i s r e ­

g u l a r and they are a l l h i g h l y f e r t i l e . AB no evidence of i n t e r — 

g e n e r j c h y b r i d i s a t i o n has been ob t a i n e d from any of the present 

i n v e s t i g a t i o n s , these species must be assumed t o have o n l y i n -

fra.generic or even i n f r a s e c t i o n a l r e l a t i o n s h i p t o each o t h e r . 

T h e i r a m p h i d i p l o i d behaviour i n d i c a t e s t h a t e i t h e r the p a i r i n g 

of t h e i r chromosomes i s g e n e t i c a l l y c o n t r o l l e d or t h e i r chromo­

some complements c o n s i s t of s e v e r a l d i f f e r e n t genomes. These 

p o i n t s w i l l be considered l a t e r . Mot o n l y do they f a l l i n t o 

t h r e e cytotaxonomic c a t e g o r i e s , as determined by the degree of 

p o l y p l o i d y , b ut the i r r e g u l a r i t y of meiosis i n the a r t i f i c i a l 

A. compressus x A. b r e v i p e d u n c u l a t u s h y b r i d i n d i c a t e s t h a t the 

two species concerned are a l s o c y t o t a x o n o m i c a l l y d i s t i n c t , No 

e q u i v a l e n t i n f o r m a t i o n has been o b t a i n e d f o r the two 2n=60 
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species, A« f l e x u o s u s and A. arenosus. 

The b r e e d i n g mechanisms of the f o u r West A f r i c a n spe­

c i e s present a d d i t i o n a l b a r r i e r s t o h y b r i d i s a t i o n besides those 

o f d i s t r i b u t i o n and d i f f e r e n c e s i n c y t o l o g y . Evidence has been 

obtained of an a p o m i c t i c b r e e d i n g mechanism i n t h r e e of the 

species, A. b r e v i p e d u n c u l a t u s , A. f l e x u o s u s and A. arenosus. 

C y t o l o g i c a l c o n f i r m a t i o n of the mechanism by which a p o m i c t i c a l l y 

formed seeds are produced has only been ob t a i n e d f o r the f i r s t 

of these species. Other evidence i n d i c a t e s t h a t the remaining 

two species p r o b a b l y produce seed by the same a p o m i c t i c process. 

Apornicts present b o t h taxonomic and nornenclatural 

problems. The taxonomic problems stem from d i f f e r e n t views con­

c e r n i n g the d e f i n i t i o n of the species. When the d i s c o v e r y of 

an a p o m i c t i c b r e e d i n g mechanism f o l l o w s the r e c o g n i t i o n of the 

species by orthodox, m o r p h o l o g i c a l standards, the view t h a t the 

species c o n s i s t s of an agamic complex i s g e n e r a l l y a c c e p t a b l e . 

At the o t h e r extreme, the s p l i t t i n g of a species group i n t o a 

number of new species on the b a s i s of the d i s c o v e r y of component 

ap o m i c t i c groups i s o f t e n s t r o n g l y c r i t i c i s e d . I n the case of 

such e x t e n s i v e l y i n v e s t i g a t e d genera as Rubus, Hieracium, 

Taraxacum and Poa t h e r e may be a s t r o n g case f o r the a d o p t i o n 

of new n o m e n c l a t u r a l p r i n c i p l e s ( t r i n o m i a l s , r n i c r o s p e c i f i c 

s t a t u s p r e f i x e s or a p o m i c t i c s t a t u s p r e f i x e s ) which would n o t , 

perhaps, s a t i s f y the orthodox taxonomist, but v/ould be of bene1-
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f i t t o the monographer and e x p e r i m e n t a l worker. For g e n e r a l 
c o m p i l a t i o n of f l o r a s , however, apomicts are considered too de­
manding on space t o warrant f u l l r e c o g n i t i o n or are excluded 
e n t i r e l y ( t o g e t h e r w i t h ecospecies) ( V a l e n t i n e and Heywood, 
I 9 6 I , Walters, 1 9 5 9 ) * I n g e n e r a l , i t i s reasonable t o reserve 
the rank of species f o r groups of organisms which can he de­
f i n e d m o r p h o l o g i c a l l y , and i t was f o r t h i s reason t h a t the apo­
m i c t s d e a l t w i t h here were g i v e n s p e c i f i c s t a t u s . Mot o n l y do 
they d i f f e r m o r p h o l o g i c a l l y , but they are i s o l a t e d f r o m each 
o t h e r by d i f f e r e n c e s i n chromosome number and b r e e d i n g mechanism 
and d i s t r i b u t i o n s ; hence, i t i s considered reasonable t h a t t hey 
be a f f o r d e d the rank of species. I t may be t h a t i n the f u t u r e 
o t h e r apomict groups may be discovered w i t h i n the complex. 
Amongst the herbarium m a t e r i a l s which have been examined, were 
a number which c o u l d be determined as A. b r e v i p e d u n c u l a t u s , but 
which d i f f e r e d i n minor m o r p h o l o g i c a l d e t a i l s . These may have 
been due t o responses t o d i f f e r e n t growing c o n d i t i o n s , but the 
presence of f r u i t s i n the s p i k e l e t s w i t h i n the u l t i m a t e l e a f 
sheath i n d i c a t e d t h a t the p l a n t s were a p o m i c t i c . 

I n i t s spread t h r o u g h West A f r i c a Axonopus has bene­

f i t t e d from b e i n g a r u d e r a l weed. A. compressus i s a c h a r a c t e r ­

i s t i c p l a n t of bush paths, which form the a r t e r i a l system of 

v a s t areas of West A f r i c a . Along these paths the seasonal 

changes i n water supply and the d i u r n a l changes of temperature 



are much s m a l l e r than i n more open h a b i t a t s . A. compressus 

seeds are more l i k e l y t o be a c c i d e n t a l l y c a r r i e d by man and 

animals along these paths than they would be i n open h a b i t a t s . 

The ot h e r t h r e e West A f r i c a n species may have evolved from eco-

types which were b e t t e r adapted t o l i f e i n the h a b i t a t s now 

occupied by these species, but i t i s i m p o s s i b l e t o say whether 

these e a r l y stages took place a f t e r i n t r o d u c t i o n i n t o West 

A f r i c a , or whether they had a l r e a d y occurred amongst the Ameri­

can a n c e s t o r s . I t i s u n l i k e l y t h a t the e n t i r e process of speci' 

a t i o n was complete b e f o r e i n t r o d u c t i o n . I f i t was, the same 

species should now be present i n the Caribbean area, but o n l y 

A. compressus, A. a f f i n i s and A. b r e v i p e d u n c u l a t u s are present 

t h e r e . E c o l o g i c a l s p e c i a l i s a t i o n has undoubtedly o c c u r r e d , but 

the more i m p o r t a n t changes which have taken place are those i n ­

v o l v i n g change i n chromosome number and b r e e d i n g mechanism. 

Clausen ( I 9 6 I ) reviewed the e v o l u t i o n , d i s t r i b u t i o n 

and a b i l i t y t o h y b r i d i s e of the genus Poa. He suggested t h a t 

because l o n g separated groups c o u l d be crossed t o g i v e h y b r i d s 

which were u s u a l l y f e r t i l e , the genus had preserved a s t a t e of 

' e v o l u t i o n a r y y o u t h f u l n e s s 1 t h r o u g h p o l y p l o i d y and apomizis. 

Poa h y b r i d s d e r i v e t h e i r f e r t i l i t y e i t h e r f r o m a h i g h degree of 

homology between the genomes of t h e i r p a r e n t s , or from seed 

p r o d u c t i o n t h r o u g h apospory or a d v e n t i t i o u s embryony. One con-



sequence of t h i s s u s t a i n e d f e r t i l i t y i s t h a t B-chromosomes have 

accumulated and are t r a n s m i t t e d t o and maintained i n the h y b r i d s 

(Hakanson, 1 9 5 4 , M i l i n k o v i c , 1 9 5 7 , Mtlntzing, 1 9 4 8 , Bygren, 1 9 5 8 , 

S k a l i n s k a , 1 9 5 9 )* Axonopus has been i n v e s t i g a t e d much l e s s than 

Poa, but what i s known about the genus suggests t h a t t h e r e are 

c e r t a i n f e a t u r e s common t o b o t h these genera. The range of 

chromosome numbers which have been recorded f o r South American 

Axonopus species suggests t h a t B-chromosomes and p o l y p l o i d y are 

common. Apomixis i n Poa ensures t h a t the h y b r i d genotype i s 

passed on t o the o f f s p r i n g , w i t h o u t a d d i t i o n or d e l e t i o n . I n 

Axonopus apornicts the genotype of the seed parent i s passed on 

t o the o f f s p r i n g . I f , however, the seed parent was heterozygous, 

the o f f s p r i n g o n l y i n h e r i t a homozygous genotype. 

The term a m p h i d i p l o i d y (Clausen, Keck and Hiesey, 

1945) was coined t o d e s c r i b e a l l p o l y p l o i d s d e r i v e d from parents 

which were separated a t the d i p l o i d l e v e l by h y b r i d s t e r i l i t y , 

and does not apply t o h y b r i d s from crosses such as Poa c a e s p i -

tosa x P. a r a c h n i f e r a which have f u l l chromosome p a i r i n g . 

F u n c t i o n a l d i p l o i d y means t h a t r e p r o d u c t i o n by seed i s p o s s i b l e 

because f u l l chromosome p a i r i n g occurs - r e g a r d l e s s of whether 

the p l a n t i s d i p l o i d or p o l y p l o i d . The a b i l i t y of the chromo­

somes t o p a i r i s now known t o be c o n t r o l l e d e i t h e r by the degree 

of homology or by g e n e t i c means. I n a m p h i d i p l o i d s proper, 

f u n c t i o n a l d i p l o i d y i s achieved when the h y b r i d genotype i s 
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doubled. I n the case of T r i t i c u m (Sears and Okamoto, 1957? 
R i l e y , I96O) p a i r i n g occurs o n l y between chromosomes of the 
same p a r e n t a l genome (A w i t h A, B w i t h B and D w i t h D) because 
of the r e g u l a t o r y e f f e c t of a segment of one of the chromosomes 
( 5 , i n the B genome). 

The f i v e species of Axonopus which have been i n v e s t i ­

gated are a l l f u n c t i o n a l l y d i p l o i d . Since two of the species 

are t e t r a p l o i d , two h e x a p l o i d and one o c t o p l o i d , i t seems most 

probable t h a t p a i r i n g of t h e i r chromosomes i s g e n e t i c a l l y con­

t r o l l e d . The m e i o t i c i r r e g u l a r i t i e s i n the n a t u r a l and a r t i ­

f i c i a l h y b r i d s appear t o c o n f i r m t h i s view. These i r r e g u l a r i t i e s 

i n c l u d e ' s t i c k i n e s s ' , the f o r m a t i o n of m u l t i v a l e n t s , the forma­

t i o n of a h i g h p r o p o r t i o n of b i v a l e n t s and some q u a d r i v a l e n t s 

and the f o r m a t i o n of a h i g h p r o p o r t i o n of b i v a l e n t s w i t h some 

u n i v a l e n t s . I n the n a t u r a l h y b r i c l s , some of the i r r e g u l a r i t y 

rna.y be due t o the presence of B-chromosomes, but i n the a r t i ­

f i c i a l h y b r i d s none of the parents had B-chromosomes, and the 

i r r e g u l a r i t i e s suggest the l o s s of g e n e t i c c o n t r o l over p a i r i n g . 

I n the a r t i f i c i a l h y b r i d s a l s o the m e i o t i c behaviour i n d i c a t e s 

t h a t t h e r e i s c o n s i d e r a b l e homology between the p a r e n t a l genomes, 

but t h a t t hey d i f f e r i n chromosome s t r u c t u r e . 

The e v o l u t i o n of these Axonopus p o l y p l o i d s can be con­

s i d e r e d i n t h e o r e t i c a l terms o n l y . The s i m p l e s t e x p l a n a t i o n f o r 

the o r i g i n of the t e t r a p l o i d c o n d i t i o n i s t h a t chromosome doub-
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l i n g o ccurred i n a s t e r i l e h y b r i d between two d i p l o i d a n c e s t o r s . 

The new a l l o t e t r a p l o i d may have achieved f u n c t i o n a l d i p l o i d y by 

one or a combination of the f o l l o w i n g : -

1 . as the i n i t i a l consequence of chromosome d o u b l i n g , as i n 

Raphanobrassica (Karpechenko, I 9 2 7 ) ; 

2 . through chromosome recombina.tion i n succeeding g e n e r a t i o n s ; 

3- through chromosomal r e o r g a n i s a t i o n a s s i s t e d by v e g e t a t i v e 

r e p r o d u c t i o n , or 

4 . through chromosomal r e c o m b i n a t i o n brought about as a, con­

sequence of the a d o p t i o n of an a p o m i c t i c mode of r e p r o ­

d u c t i o n . 

The f i r s t of these processes would depend upon the amount of 

homology between the two genomes of the h y b r i d , but i f i t gave 

an a l l o t e t r a p l o i d c o n d i t i o n which p e r m i t t e d o n l y reduced sexual 

r e p r o d u c t i o n , the second process may have f u r t h e r a s s i s t e d i n 

a r r i v i n g a t the f u n c t i o n a l d i p l o i d s t a t e . Pressure of n a t u r a l 

s e l e c t i o n may have f a v o u r e d chromosome recombinants i n a way 

analogous t o t h a t by which crop p l a n t s are improved by a r t i f i ­

c i a l s e l e c t i o n (Heinz, 1962). Chromosomal r e o r g a n i s a t i o n would 

depend upon a l o n g sequence of in t e r c h a n g e s t a k i n g p l a c e . These 

may have been m u l t i p l i e d by v e g e t a t i v e r e p r o d u c t i o n and s e l e c t e d 

i n sexual r e p r o d u c t i o n . The process would have t o have been 

prolonged, and ?/ould p r o b a b l y have l e d t o the e v o l u t i o n of many 

more species than have a c t u a l l y been recorded, a t t h i s l e v e l of 
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p o l y p l o i d y . The a d o p t i o n of an a p o m i c t i c mode of r e p r o d u c t i o n 

may have p e r m i t t e d the achievement of f u n c t i o n a l d i p l o i d y i n 

one or a few g e n e r a t i o n s , depending upon the k i n d of apomixis 

and the r e g u l a r i t y of the f i r s t m e i o t i c d i v i s i o n . Apospory and 

a d v e n t i t i o u s embryony would o n l y preserve the o r i g i n a l a l l o -

t e t r a p l o i d c o n d i t i o n . D i p l o s p o r y , i n which p a i r i n g and crossing-

over occur, but r e d u c t i o n does n o t , may have p e r m i t t e d some 

chromosomal r e o r g a n i s a t i o n . A u t o m i x i s , p r o v i d e d t h a t the mei­

o t i c r e d u c t i o n r e s u l t e d i n f a i r l y balanced p r o d u c t s , would 

r a p i d l y have s e l e c t e d a t e t r a p l o i d chromosome complement com­

posed of two homologous s e t s . 

The hexa p l o i d s c o u l d have a r i s e n by chromosome d o u b l i n g 

of a s t e r i l e t r i p l o i d or by union of reduced and unreduced 

gametes from a t e t r a p l o i d . The o c t o p l o i d c o u l d have a r i s e n by 

chromosome d o u b l i n g of a t e t r a p l o i d , or from a h y b r i d between 

two t e t r a p l o i d s , or by union of a reduced gamete f r o m a t e t r a ­

p l o i d and an unreduced gamete from a h e x a p l o i d ( D a r l i n g t o n , 

I963, R i l e y , 1957 ? Stebbins, 1956). Whichever processes may 

have been i n v o l v e d , the f i n a l products are f u n c t i o n a l d i p l o i d s , 

and a p p a r e n t l y have t h e i r own d i s t i n c t chromosome complements. 

The s t e r i l i t y b a r r i e r s which have been found between some of 

these species are r e i n f o r c e d by d i f f e r e n c e s i n d i s t r i b u t i o n and 

b r e e d i n g mechanisms. 
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The s u s c e p t i b i l i t y of grasses t o changes i n reproduc­
t i v e behaviour, i n h a b i t a t s which approximate t o the extremes 
of t h e i r t o l e r a n c e , i s w e l l known. A consequence of a d a p t a t i o n 
t o non-optimal c o n d i t i o n s i s t h a t s u i t a b l e phenotypic v a r i a n t s 
are f avoured by n a t u r a l s e l e c t i o n and t h i s f a c i l i t a t e s the p r o ­
d u c t i o n of new genotypi c v a r i a n t s . Apomixis i n grasses i s com­
mon (Atwood, 1^47 5 Bashaw and H o l t , I958, Bashaw, I 9 6 2 , 
Borgaonkar, 1957? Brown and Emery, 19575 1958? B u r t o n , I 9 6 2 , 
Carnahan and H i l l , I 9 6 I , C e l a r i e r and Harl a n , 1957 , Emery, 1957? 
Farquharson, 1955? F i s h e r , Bashaw and H o l t , 1954? Gildenhuys and 
B r i x , 1958? H a i r , 1952? Hayman, 195*5, Narayan, 1955? Bygren, 
1951 , 1954, Powers, 1944? S k a l i n s k a , 1959 , Snyder, 1957 , Warmke, 
1954) but l i t t l e i s known about i t s causes. Bashaw and H o f f , 
( 1 9 6 2 ) , Burton (1962) and Ju l e n (I96O) have found t h a t X-rays 
and o t h e r i o n i s i n g r a d i a t i o n s e f f e c t changes i n the frequency 
w i t h which a p o m i c t i c o f f s p r i n g are produced by Paspalum and 
Poa. Knox and Heslop-Harrison (I963) have shown t h a t l i g h t r e ­
gime determines the p r o d u c t i o n of e i t h e r reduced, or unreduced, 
embryo sacs i n Dichanthium a r i s t a t u m ( P o i r . ) Hubbard. I n Poa 
the i n c i d e n c e of apomixis bears no r e l a t i o n t o chromosome number 
but i t i s commonly a s s o c i a t e d w i t h p o l y p l o i d y . I t i s a pheno­
t y p i c response t o the environment i n species a t the l i m i t s o f 
t h e i r e c o l o g i c a l d i s t r i b u t i o n , but i s a l s o r e g u l a t e d g e n e t i c a l l y . 
The progeny of f a c u l t a t i v e apomicts segregate as predominantly 



sexual or predominantly apomict, as though apomixis ?/ere con­

t r o l l e d by e i t h e r one or s e v e r a l genes. 

The a p o m i c t i c species of Axonopus are more t o l e r a n t 

of h a b i t a t s w i t h a g r e a t e r d a i l y and seasonal change of tempe­

r a t u r e and water supply. I n the exposed h a b i t a t s occupied by 

the a p o m i c t i c A. b r e v i p e d u n c u l a t u s , d i u r n a l changes i n s u r f a c e 

s o i l temperature range between 6°C and 85°C and d i r e c t i n s o l a ­

t i o n may have a d u r a t i o n of 10 hours d a i l y . By c o n t r a s t , the 

bush path h a b i t a t s of the s e x u a l l y r e p r o d u c i n g A. compressus 

experience v e r y s m a l l temperature changes around an ambient of 

23°C a,nd d i r e c t i n s o l a t i o n may never occur, or occur f o r b r i e f 

p e r i o d s when the t r e e canopy i s broken. The morphology of the 

f l o w e r i n g stems suggests t h a t s e l e c t i o n f o r apomixis has been 

p a r a l l e l e d by s e l e c t i o n , f o r s h o r t peduncles. The mechanical 

p r e v e n t i o n of a n t h e s i s i n s p i k e l e t s which remain enclosed i n 

the u l t i m a t e l e a f sheath may have c o n t r i b u t e d t o s e l e c t i o n f o r 

apomixis. 

The g e n e r a l view of apomixis i n the P a n i c o i d grasses 

i s t h a t they are aposporous (Carnahan and H i l l , I 9 6 I ) . I t i s 

based upon a survey (Brown and Emery, 1957) i n which f o u r -

n u c l e a t e embryo sacs were regarded as being unreduced and e i g h t 

n u c l e a t e embryo sacs were regarded as being reduced, Snyder 

(I957) found t h i s c r i t e r i o n t o be u n r e l i a b l e , s i n c e the e i g h t -

n u c l e a t e embryo sac i n Pasj)a_lun^_ecans_ H i t c h c . and Chase i s 
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aposporous. A l s o , Gildenhuys and B r i x (1958) found t h a t the 
f o u r - n u c l e a t e embryo sac of Pennisetum dubium Gi l d e n h . and B r i x 
can be reduced, having degenerate a n t i p o d a l s and f u s e d p o l a r 
n u c l e i , 

Axonopus the chromosomes of the a r c h e s p o r i a l c e l l 

p a i r f u l l y , and meiosis g i v e s r i s e t o a T-shaped t e t r a d of 

megaspores. The innermost megaspore i s t h e r e f o r e h a p l o i d , and 

a l l the n u c l e i which are produced from i t by m i t o s i s , must have 

the same h a p l o i d genotype. The d i v i s i o n of the two m i c r o p y l a r 

n u c l e i of the f o u r - n u c l e a t e stage d i f f e r s . One nucleus d i v i d e s 

n o r m a l l y t o produce a nucleus which forms a s y n e r g i d and an­

o t h e r which becomes one of the p o l a r n u c l e i . The second nucleus 

undergoes chromosome d i v i s i o n , so t h a t two l a r g e n u c l e o l i are 

observed, but the products are c o n t a i n e d w i t h i n a s i n g l e nucleus 

U n l i k e accounts of f a c u l t a t i v e apomixis, i t i s not necessary 

here t o r e s o r t t o s t a t i s t i c s of the number of stages recorded. 

A l l the a r c h e s p o r i a l c e l l s , observed i n d i v i s i o n , had p a i r e d 

chromosomes a t d i a k i n e s i s and f i r s t metaphase; a l l the e a r l y 

embryo sacs observed were a s s o c i a t e d w i t h the remains of the 

degenerating megaspores; a l l the mature embryo sacs, except 

the sposporous ones, were seven-nucleate and had the pro-embryo 

i n i t i a l i n the c h a r a c t e r i s t i c l a t e r a l p o s i t i o n ; no p o l l e n g e r ­

m i n a t i o n was observed and no signs of p o l l e n tubes or gametes 

was found i n the embryo sacs: few s p i k e l e t s f a i l e d t o set f r u i t 
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Since the embryo sacs which develop from reduced mega-
spores c o n t a i n h a p l o i d n u c l e i of the same genotype as the mega-
spore, the pro-embryo i n i t i a l can o n l y have a co m p l e t e l y homo­
zygous d i p l o i d c o n s t i t u t i o n . A u t o m i x i s i s t h e r e f o r e a very 
h i g h l y s p e c i a l i s e d r e p r o d u c t i v e sjrstem, but i t would be wrong 
t o r e g a r d i t as an e v o l u t i o n a r y cul-de-sac. Thomas (1940) has 
o u t l i n e d the s i g n i f i c a n c e of the homo z y g o t i z a t i o n which a u t o ­
m i x i s occasions i n the progeny, but some e v o l u t i o n a r y aspects 
are worthy of c o n s i d e r a t i o n here. 

I n sexual p o p u l a t i o n s , a balanced r e s e r v e of h e t e r o ­

z y g o s i t y i s maintained through s e g r e g a t i o n anal r e c o m b i n a t i o n . 

Such p o p u l a t i o n s always c o n t a i n a l a r g e a r r a y of genotypes. 

The pressure of n a t u r a l s e l e c t i o n tends t o e l i m i n a t e the l e a s t 

f a v o u r a b l e genotypes, but the a l l e l e s , which make these geno­

types l e s s f a v o u r a b l e , are guarded a g a i n s t s e l e c t i o n when i n the 

heterozygous c o n d i t i o n . They are never com p l e t e l y e l i m i n a t e d 

f r o m the p o p u l a t i o n . Other forms of apomixis a l s o a l l o w the 

maintenance of unfavourable a l l e l e s e i t h e r by the p r o d u c t i o n of 

the embryo from somatic c e l l s , or by c i r c u m v e n t i n g the m e i o t i c 

r e d u c t i o n d i v i s i o n , by which such a l l e l e s might be excluded fro m 

the r e p r o d u c t i v e c e l l s . 

High s e l e c t i o n pressure, on an organism which has ap­

proached the l i m i t of i t s e c o l o g i c a l t o l e r a n c e , f a v o u r s a much 

sm a l l e r v a r i e t y of genotypes. The sexual mode of r e p r o d u c t i o n 



then becomes l e s s e f f i c i e n t as a means of m a i n t a i n i n g the popu­

l a t i o n w i t h i n the l i m i t s of the new range of genotypes. This 

i s not n e c e s s a r i l y t r u e i n the case of annuals or ephemerals, 

i n which a wide range of genotypes are produced d u r i n g a s h o r t , 

f a v o u r a b l e season of the year. V e g e t a t i v e r e p r o d u c t i o n has a 

s e l e c t i v e advantage under these circumstances, though i t main­

t a i n s unfavourable genotypes. Also i t f a i l s t o a f f o r d the same 

advantages f o r f u r t h e r spread which are a s s o c i a t e d w i t h r e p r o ­

d u c t i o n by seed. Selection, f o r apomixis ensures t h a t the 

a b i l i t y t o reproduce by seed i s r e t a i n e d . 

There are two i m p o r t a n t processes i n the sexual p r o ­

d u c t i o n of seed. F i r s t , t h e r e i s the f o r m a t i o n of h a p l o i d eggs 

and secondly the r e i n t r o d u c t i o n of the d i p l o i d c o n d i t i o n by 

f e r t i l i s a t i o n of these eggs by h a p l o i d male gametes. I n a,po~ 

m i x i s the p r o d u c t i o n of a h a p l o i d egg i s r e p l a c e d by the produc­

t i o n of s, d i p l o i d pro-embryo i n i t i a l , and t h i s avoids the neces­

s i t y f o r f e r t i l i s a t i o n . Since r e d u c t i o n and f e r t i l i s a t i o n are 

the processes by which g e n e t i c s e g r e g a t i o n and re c o m b i n a t i o n 

occur, the ap o m i c t i c mode of r e p r o d u c t i o n does not a l l o w the 

p r o d u c t i o n of as wide a v a r i e t y of genotypes. I t leads t o the 

production, of p o p u l a t i o n s i n which one or s e v e r a l c h a r a c t e r s 

become f i x e d and which may be regarded by some as s u f f i c i e n t t o 

warrant taxonornic r e c o g n i t i o n ( e s p e c i a l l y i f the c h a r a c t e r con­

cerned a f f e c t s the form of the f l o w e r or i n f l o r e s c e n c e ) . Recom-
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b i n a t i o n i s never c o m p l e t e l y e l i m i n a t e d i n a p o m i c t i c p o p u l a t i o n s 
but i t i s always reduced. V a r i a t i o n may a r i s e i f the a p o m i c t i c 
l i n e s evolve s e p a r a t e l y f r o m sexual crosses, or from h y b r i d i z a ­
t i o n between f a c u l t a t i v e apomicts, or from gene and chromosome 
changes t a k i n g place i n the apomict i t s e l f . I n a u t o m i x i s v a r i ­
a t i o n i s r e s t r i c t e d t o the separate e v o l u t i o n of a u t o m i c t i c 
l i n e s and t o gene and chromosome changes. I n meristems which 
g i v e r i s e t o i n f l o r e s c e n c e s any gene m u t a t i o n , or change i n 
chromosome s t r u c t u r e , w i l l be rendered homozygous i n the a u t o -
m i c t i c a l i y produced o f f s p r i n g . I f these changes a f f e c t the 
morphology of the p l a n t , then they w i l l be apparent i n the pheno-
t y p e . I n o t h e r forms of apomixis, such mutants are m a i n t a i n e d 
i n the heterozygous c o n d i t i o n . 

One i m p o r t a n t aspect of the l o w e r i n g of the recom­

b i n a t i o n r a t e i s t h a t i t m a i n t a i n s g e n e t i c c o n t r o l over the 

a p o m i c t i c process.es themselves. These processes i n c l u d e the 

p r o d u c t i o n of a d i p l o i d pro-embryo i n i t i a l , the development of 

the pro-embryo i n i t i a l ( i n autonomous apomicts) w i t h o u t the 

s t i m u l u s of p l o c i n a t i o n , and the development of the endosperm 

w i t h o u t f e r t i l i s a t i o n . Since crosses between sexual and apomic­

t i c species g i v e h y b r i d s which are s e x u a l , and. f r o m which apo­

m i c t s segregate i n l a t e r g e n e r a t i o n s , the g e n e t i c c o n t r o l of 

the a p o m i c t i c mode of r e p r o d u c t i o n i s regarded as being r e c e s ­

s i v e t o the c o n t r o l of s e x u a l i t y . The h y b r i d s o b t a i n e d from 

http://process.es
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the cross A. compressus x A. b r e v i p e d u n c u l a t u s showed no i n d i ­
c a t i o n of being able t o reproduce a p o m i c t i c a l l y , d e s p i t e t h e i r 
m e i o t i c i r r e g u l a r i t i e s , and t h i s suggests t h a t a u t o m i x i s i n 
A. br e v i p e d u n c u l a t u s i s c o n t r o l l e d by r e c e s s i v e genes i n the 
homozygous c o n d i t i o n . This a l s o suggests t h a t the o r i g i n of 
the a u t o m i c t i c mode of r e p r o d u c t i o n was the s e l e c t i o n of r e c e s ­
s i v e a l l e l e s . These r e g u l a t e d the t h r e e processes, mentioned 
above, when i n the homozygous c o n d i t i o n . This c o u l d have been 
achieved when the sexual p r o g e n i t o r , p r o b a b l y A. compressus, 
spread i n t o h a b i t a t s i n which the pressure of n a t u r a l s e l e c t i o n 
v/as s u f f i c i e n t l y h i g h t o f a v o u r o n l y a sma l l a r r a y of genotypes 

A u t o m i x i s , t o g e t h e r w i t h a g e n e t i c c o n t r o l of chromo­
some p a i r i n g , o f f e r s a p o s s i b l e e x p l a n a t i o n f o r the e v o l u t i o n 
of h e x a p l o i d s . Union of reduced and unreduced gametes from 
t e t r a p l o i d s , or the chance f e r t i l i s a t i o n of a pro-embryo i n i t i a 
by a reduced gamete from a t e t r a p l o i d , would g i v e the h e x a p l o i d 
s t a t e . Homozygotization, of the a l l e l e s concerned w i t h the con 
t r o l of a u t o m i x i s , c o u l d then have occurred as a consequence of 
the g r e a t e r r e p r e s e n t a t i o n which those a l l e l e s would have i n 
the h e x a p l o i d , than i n the t e t r a p l o i d . This would depend upon 
the degree of dominance of the s e x u a l i t y a l l e l e s over the a u t o ­
m i x i s a l l e l e s . 

There appear t o be two l i n e s of r e l a t i o n s h i p amongst 
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the species i n v e s t i g a t e d . A. compressus, A. f l e x u o s u s and 
A. a f f i n i s more c l o s e l y resemble each o t h e r , i n the arrangement 
of t h e i r i n f l o r e s c e n c e s and t h e i r s e x u a l i t y , than they resemble 
the two remaining species, A. b r e v i p e d u n c u l a t u s and A. arenosus. 
A. f l e x u o s u s i s capable of producing some f r u i t when emasculated, 
but i t s f r e e f l o w e r i n g i n n a t u r a l p o p u l a t i o n s suggests t h a t i t 
i s probably a f a c u l t a t i v e apomict. A. b r e v i p e d u n c u i a t u s and 
A. arenosus f l o w e r much l e s s f r e e l y i n n a t u r a l p o p u l a t i o n s and 
i t i s assumed t h a t the shortness of the peduncle i s a s s o c i a t e d 
w i t h o b l i g a t o r y apomixis, i n these species. 

The tv/o l i n e s of r e l a t i o n s h i p are r e p r e s e n t e d i n t h e 

diagram below, The diagram i s not i n t e n d e d t o present a complete 

summary of the e v o l u t i o n of the f i v e species, but attempts t o 

i l l u s t r a t e the probable r e l a t i o n s h i p s between them and the 

n a t u r a, 1 hy b r i d s . 

Sexual Apomictic 

2n=80 A. a f f i n i s 

2n=60 A. f l e x u o s u s A. arenosus 

, ' 1 

( s t e r i l e h y b r i d ) 
I 

2n=40 A. c o m p r e s s u s — ( s t e r i l e h y b r i d ) — A. b r e v i p e d u n c u l a t u s 
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Summary. 

The genus i s defined i n the terms proposed by Chase ( l 9 1 l ) , 

and v a r i a t i o n i n the genus i s outlined ' b r i e f l y . A short account 

i s given of the hi s t o r y of the taxonomy of the Axonopus compressus 

(Sw.)Beauv. complex, and seven taxa are proposed f o r West A f r i c a . 

These are: A.compressus (Sw.)'Beauv. 

A.brevipedunculatus G l e d h i l l , sp.nov. 

A.flexuosus (Peter) Hubbard ex Troupin 

A.arenosus G l e d h i l l , sp.nov. 

A. a f f i n i s Chase 

A.compressus x flexuosus G l e d h i l l , hyb.nov. 

A.brevipedunculatus x compressus G l e d h i l l , hyb.nov. 

A. a f f i n i s was introduced from America and Australia,by the w r i t e r . 

Accounts are given of investigations on the morphology, 

anatomy, cytology and breeding mechanisms of the taxa, and of the 

a r t i f i c i a l hybrids from three separate crosses. The breeding 

mechanism of A .brevipedunculatus i s described as automictic (Thomas, 

1940). 

I t i s suggested that Axonopus evolved i n South America, 

and was probably brought to West Africa by liberated slaves. 

The taxonomy i s considered i n terms of the differences 

i n ecological requirements, morphology and morphological v a r i a t i o n , 

cytology and breeding mechanisms. The evolution of polyploidy and 

apomixis i s discussed, and the parts played by these i n 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 l i n e i s sexual, and the other apomictic. 
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Appendix 1 . 
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The following a r t i f i c i a l key has been designed to 
separate Axonopus from genera which are either closely a l l i e d 
to i t , or whose names have been confused with i t . I n attempting 
to keep i t simple,yet e x p l i c i t , the names of many genera have not 
been included. Some of these genera would i n fa c t run out at 
certain points i n the key. 

1.Spikelets 2-flowered, f a l l i n g entire at maturity, usually with 

the upper f l o r e t hermaphrodite and the lower male or barren, 

and i f the l a t t e r often reduced to the lemma or, rarely, the 

lemma e n t i r e l y absent, a l l alike or d i f f e r i n g i n size and 

shape and structure, frequently dors a l l y compressed. 2 

Spikelets 1- to many-flowered, breaking up at maturity above 

the more or less persistent glumes, or i f f a l l i n g entire 

then not 2-flowered with the lower male or barren and the 

upper hemaphrodite, usually more or less l a t e r a l l y compressed. 

Milium and sub-family Pooideae. 

2 . Glumes membranaceous, the s t e r i l e lemma l i k e the glumes i n 

texture. ~3 

Glumes indurate, She s t e r i l e lemma l i k e the f e r t i l e one, the 

f e r t i l e lemma and palea hyaline or membranaceous. 

(Tripsacaceae and Andropogoneae) 

3. F e r t i l e lemma and palea indurate or at least more f i r m than the 

glumes. 4 

P e r t i l e lemma and palea thinner than the glumes, s t e r i l e lemma 

awned from the notched apex. (Melinideae) 



4 .Spikelets not recessed i n cavities along the rachis. 5. 

Spikelets recessed along the rachis, the l a t t e r corky and dis­

a r t i c u l a t i n g at maturity. Stenotaphrum. 

5.Fruit chartaceous-indurate, r i g i d . 6. 

F r u i t cartilaginous-indurate, f l e x i b l e . D i g i t a r i a . 

6 .Spikelets abaxial. 7. 

Spikelets adaxial. 9. 

7.One or both glumes present, f r u i t not long-acuminate. 8. 

Both glumes wanting, f r u i t long-acuminate. 

Reimaroohloa. 

8„First glume present, spikelets usually i n panicles. 

Panicum. 

F i r s t glume t y p i c a l l y wanting, spikelets sub-sessile i n spike-like 

racemes, plano-convex. Paspalum. 

9 . F i r s t glume present or wanting, not forming a r i n g - l i k e callus 

below the spikelet. 10. 

F i r s t glume and the r a c h i l l a j o i n t forming a r i n g - l i k e callus below 

the spikelet. Eriochloa. 

10.First glume present, i t s back to the axis, up to 2/3 the length of 

the spikelet, racemes racemose along the main axis. 

Brachiaria. 

F i r s t glume wanting, racemes d i g i t a t e or sub-digitate. 

Axonopus. 
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Some of the differences between Axonopus and related genera 

are set out i n the following table. 

Spikelet 
orientation and 
dis a r t i c u l a t ion 

Glumes Lower palea Inflorescence 

Milium abaxia'l. 
above glumes 

equal absent paniculate 

Panicum abaxial. 
below glumes 

unequal present 

D i g i t a r i a • • unequal 
or 1 st 
wanting 

obsolete d i g i t a t e 
racemes 

Paspalum • • • • atesant • • 

Stenotaphrum • * unequal present solitary-
racemes 

Reimarochloa 
* • wanting obsolete d i g i t a t e 

racemes 
Eriochloa adaxial. 

below glumes 
unequal 
or 1st 
wanting 

present approximate 
racemes 

Brachiaria • • unequal • • « • 

Axonopus • • 1st 
wanting 

absent d i g i t a t e 
racemes 



History of the genus Axonopus Beauv.. 

This short account of the h i s t o r y of the genus i s 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 i n the works of Chase ( l 9 1 l ) , Dedecca (1956) and 

Black (1963). 

Beauvois ! c i t a t i o n of four species,as being representative 

of the genus, presented l a t e r workers with more than the task of 

j u s t i f y i n g the erection of the genus. Beauvois expressly l e f t t h i s 

task to p o s t e r i t y . The four species which he ci t e d d i f f e r amongst 

themselves i n several important respects. These include differences 

i n structure of the spikelets and inflorescences. 

Several of the e a r l i e r workers modified the taxonomy of the 

genus Paspalum Linn.,in such a way as to include some of the species 

cite d by Beauvois i n t o that genus. Thus, Nees (1829) proposed six 

sections i n 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 f o r his section Cabrera, of the genus Paspalum. 

Schlechtendal (1850,1877) raised Nees' section M g i t a r i a e , which 

contained Paspalum compressum Rasp., to generic states. He gave t h i s 

genus the nomen Anastrophus. Hackel (1887) reverted to the Paspalum 

concept. His t h i r d section of that genus was composed of members 

which had the second glume and f e r t i l e lemma turned away from the axis 

of the inflorescence. 

Apart from the major digression by which Hooker (I896) 
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reverted to the separate genus, Axonopus, which i n his view was based 
on Milium cimicinum Sw., and i t s 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 Axonopus as a single genus, 
based upon Milium compressum Sw.. 

Nash (1903) employed Schlechtendal's name,Anastrophus, f o r 

t h i s alliance, but Hitchcock (1906) adopted the e a r l i e r name, Axonopus. 

The f u l l j u s t i f i c a t i o n of the genus must be a t t r i b u t e d to Chase (1911). 

Her review not only c l a r i f i e s the case f o r establishing the genus upon 

Milium oompressum Sw., but also includes a note on the heterogeneity 

of the type species i t s e l f . 
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Synonymy, descriptions and dis t r i b u t i o n s of the West African species 

and natural hybrids. 

Axonopus compressus (Sw.)Beauv. 

Milium compressum Sw. (Prodr. 24.1788 and Fl.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. 1:528.1810) 

Paspalum compressum Rasp. (Ann.Sci.Nat. 1 ,5:301.1825) 

Paspalum laticulmum Spreng. (Syst .Veg. 1:245.1825) ' 

D i g i t a r i a platycaulis Desv. (Opusc. 6 2 . 1 8 3 1 ) 

Paspalum guadaloupense Steud. (Syn.Pl.Glum. 1 8 and 20.1855) 

Paspalum depres sum Steud. (Syn .PI .Glum. 112.1855) 

Anastrophus compressus Schlecht. (Bot.Zeit. 8 :681isso) 

Anastrophus platycaulis Schlecht. (lnd.Kew. 1:118.1893) 

Panicum platycaulon Ktze. (Rev.Gen.PI. 3'-363-l898) 

Paspalum raun k i a e r i i Me 2 (Fedde Rep. 15:60.1917) 

Perennial, up to 30 cms t a l l , forming small t u f t s and s o l i t a r y culms from 

slender rhizomes. Stolon intemodes c. 5 cms long, 1.3 mm wide, compressed 

and double keeled adjacent to the innovation below. Culms slender, ascending 

or erect. Sheaths 3 mm wide, compressed, glabrous or c i l i a t e on the margins 

below the inser t i o n of the blade. Blades 2.5 - 16 cms long, (3~)6~ - 10 mm 

wide, linear-lanceolate from a rounded base, asymmetrically rounded at the 

apex, f l a t or folded along the conspicuous midrib, bright green, glabrous 

or sparsely c i l i a t e , the margins c i l i a t e w ith hairs 1 - 1.5 mm long and 

0.2 mm apart and with hyaline teeth interposed between them. Nodes 

glabrous to hairy, with white hairs 1.5 mm long. Inflorescences 2 - 3> 

each with 2 , 3 or rarely 4 spreading,spike-like racemes. The f i r s t raceme 
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terminal, the second sub-terminal, and the t h i r d about 2 cms below ( r a r e l y , 
the t h i r d raceme i s also sub-terminal). Peduncles 0 .7 mm diameter, 
glabrous, triquetrous, much longer than the ultimate l e a f sheath. Racemes 
5 - 7 cms long, slender, s t r a i g h t . Rachis glabrous, triquetrous, smooth 
or s l i g h t l y scaberulous at the margins. Pedicels alternating i n s l i g h t 
depressions at each side of the abaxial margin. Spikelets 1.9 - 2 . 4 mm 
long, 0 , 7 mm wide, oblong, obtuse to sub-acute, green or s l i g h t l y antho-
cyanosed, s l i g h t l y or sometimes strongly white s i l k y - h a i r y . Hairs 
appressed or spreading at the base of the spikelet. Second glume 
corresponding i n size and shape to the spikelet, b l u n t l y apiculate, with 
minute hyaline projections near the apex, 5 or 4 nerved. Nerves f a i n t , 
the inner pair with one rank of hairs w i t h i n and the outer pair flanked 
by hairs on each side. S t e r i l e lemma subsimilar to the glume,but embraced 
by i t marginally. F e r t i l e lemma and pal eâ § sub similar, 1.6 mm long, the 
former with an apical t u f t of hairs and embracing the l a t t e r marginally, 
crustaceous and minutely rugose. Anthers 0 .5 mm long, white to pale mauve 
with darker mauve margins. Stigmas white to pale mauve. F r u i t 1 .3 mm 
long, 0 .6 mm wide, e l l i p t i c - o b t u s e , yellowish-white. Embryo occupying 
the lower t h i r d of the grain, Hilum small oval. 

Axonopus flexuosus (Peter) Hubbard ex Troupin. (Fl.Pare Nat.Garamba 1 .4 :18 .1956 

D i g i t a r i a flexuosa Peter (Fedde Rep. 40 :165 .1930) 

Axonopus compressus var j e s u i t i c a Araujo (Bol.Secret Est.Negoc.Agr. 
Ind,& Comm. 100:36 .1943) 

Axonopus compressus subsp.congoensis Henr. (Blumea 5 :529 .1945) 

(Axonopus africanus Hubbard i l l e g i t i m a t e ) 

Perennial, up to 60 cms t a l l , forming a deep matted sward of stoloniferous 

growth. Stolons at f i r s t erect, becoming long-arched and rooting, i n t e r -
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nodes up t o 30 cms l o n g , 6 mm wide, compressed and o b t u s e l y 
double k e e l e d . Culms s t o u t , e r e c t or g e n i c u l a t e l y ascending. 
Sheaths up t o 6 mm wide, compressed, smooth, g l a b r o u s . Lower 
sheaths 2-8 cms l o n g , crowded, l o n g - f l a b e l l a t e . Leaf blades up 
t o 30 cms l o n g and 20 mm wide, l i n e a r t o l i n e a r - l a n c e o l a t e , ob­
tuse t o sub-acute, not markedly a s y m m e t r i c a l l y p o i n t e d , s c a r c e l y 
a u r i c l e d a t the base, f l a t or f o l d e d along the conspicuous mid 
nerve and p r i n c i p a l l a t e r a l nerves, green t o dark-green, g l a b r o u s , 
the margins w i t h h y a l i n e t e e t h o n l y , lodes g l a b r o u s . I n f l o r e s ­
cences 3 - 5J each w i t h 2 , 3? 4 or 5 s p i k e - l i k e , n a r r o w l y spread­
i n g racemes; the i n t e r v a l between the lowest raceme and the 
upper ones (which may be i n s e r t e d s u b - c o n j u g a t e l y ) b e i n g 3 - 4 
cms. Peduncles 0 . 8 mm diameter, g l a b r o u s , t r i q u e t r o u s , t w i c e as 
l o n g as the u l t i m a t e l e a f sheath, or more. Racemes up t o 16 cms 
l o n g , f l e x u o u s , o l i v e - g r e e n . Rachis glabrous t r i q u e t r o u s , min­
u t e l y scarberulous on the margins. S p i k e l e t s 3-3 ( - 4 ) nim l o n g , 
0 . 9 mm wide, n a r r o w l y o v a t e - l a n c e o l a t e , sub-acute t o acute, acu­
minate, glabrous or i n c o n s p i c u o u s l y appressed s i l k y - h a i r y . 
Second glume corresponding i n s i z e and shape t o the s p i k e l e t , 
sub-acute, a p i c u l a t e , w i t h s c a t t e r e d h y a l i n e p r o j e c t i o n s near 
the apex, , S t e r i l e lemma s u b s i m i l a r t o the glume but embraced by 
i t m a r g i n a l l y and more convex. F e r t i l e lemma and palea s u b s i m i ­
l a r , 2 . 0 mm l o n g , 0 . 9 nun wide, t h i n l y crustaceous and m i n u t e l y 
rugose; the former w i t h an a p i c a l t u f t of h a i r s and embracing 
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the l a t t e r m a r g i n a l l y . Anthers 0 . 7 mm l o n g , l i n e a r , deep mauve. 

Stigma deep mauve. F r u i t 1.9 mm l o n g , 0 . 8 mm wide, e l l i p t i c ob­

t u s e , the embryo occupying the lower h a l f of the g r a i n . Hilum 

s m a l l , o v a l . 

Axonopus compressus x f l e x u o s u s G l e d h i l l , hyb. nov. ( A r t i c l e H.l 

I n t e r n a t i o n a l Code of B o t a n i c a l Nomenclature ( 1 9 6 1 ) note 4 - the 

order of the e p i t h e t s i s a l p h a b e t i c a l ) . P e r e n n i a l , up t o 60 cms 

t a l l , forming- a deep mat of s t o l o n i f e r o u s growth. Stolons a t 

f i r s t e r e c t , l a t e r arching- and becoming r o o t e d , i n t e r n o d e s up t o 

8 cms l o n g and 2 . 5 mm wide, compressed and s h a r p l y double k e e l e d . 

Culms s l e n d e r , e r e c t or g e n i c u l a t e l y ascending, t e r m i n a l and 

a l s o l a t e r a l f r o m the lower nodes. Sheaths compressed,up t o 4 mm 

wide, s t r i a t e , g labrous or s l i g h t l y h a i r y on the margins below 

the i n s e r t i o n of the blade; lower sheaths up t o 8 cms l o n g , 

crowded, l o n g f l a b e l l a t e . Leaf blades up t o 45 cms l o n g and 

1 5 mm w i d e , l i n e a r t o l i n e a r - l a n c e o l a t e , obtuse t o sub-acute, not 

markedly a s y m m e t r i c a l l y p o i n t e d , s c a r c e l y a u r i c l e d , f r e q u e n t l y 

f o l d e d along the p r i n c i p a l v e i n s , g l a b r o u s , the margins r e m o t e l y 

c i l i a t e towards the base but w i t h h y a l i n e t e e t h alone towards 

the apex. Nodes s p a r s e l y h a i r y ; h a i r s 1.5 mm l o n g . I n f l o r e s ­

cences 3 - 4 , each w i t h 2 , 3 or 4 spreading s p i k e - l i k e racemes. 

Peduncles g l a b r o u s , more than t w i c e the l e n g t h of the u l t i m a t e 

l e a f sheath. Racemes up t o 1 4 cms l o n g , f l e x u o u s . Rachis g l a b -
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r o u s , t r i q u e t r o u s , s c a r b e r u l o u s on the margins, S p i k e l e t s ( 2 . 7 - ) 
3 ( - 3 * 4 ) mm lon g and 0 . 9 mm wide, l a n c e o l a t e , sub-acute t o acute, 
appressed w h i t e s i l k y - h a i r y . Second glume sub-acute a p i c u l a t e , 
5-nerved ( t h e middle nerve obscure), w i t h h y a l i n e t e e t h towards 
the apex, embracing the s t e r i l e lemma m a r g i n a l l y . F e r t i l e lemma 
and pa].ea s u b s i m i l a r , 1.9 mm l o n g and 0 . 8 mm wide, the former 
w i t h an a p i c a l t u f t of h a i r s and embracing the l a t t e r m a r g i n a l l y . 
Anthers orange-brown w i t h dark, punctate markings m a r g i n a l l y , 
never t u r g i d . Stigmas deep mauve. F r u i t s not known. 

Axonopus b r e v i p e d u n c u l a t u s G l e d h i l l , spec. nov. 

Axonopus compressus subap. b r e v i p e d u n c u l a t u s G l e d h i l l 

(Phytomorph. 1 2 , 4 ; 4 1 2 . I 9 6 2 ) pro p a r t e . 

P e r e n n i a l up t o 1 6 cms t a l l , f o r m i n g a dense t u f t e d t u r f w i t h 

s t r o n g l y r o o t i n g s t o l o n s and s h o r t , s t o u t rhizomes. S t o l o n i n -

ternodes up t o 3 cms l o n g , 2 . 2 mm wide, compressed and s h a l l o w l y 

double k e e l e d . Culms r o b u s t , t e r m i n a l and s o l i t a r y or i n e x t r a -

v a g i n a l groups from the i n n o v a t i o n s . Sheaths up t o 6 mm wide, 

s t r o n g l y compressed, w i t h s c a t t e r e d long h a i r s on the margins and 

below the i n s e r t i o n of the blades. Lower sheaths 2 - 5 cms l o n g , 

crowded, f ' l a b e l l a t e , smooth, s t r i a t e , p e r s i s t e n t . Blades (3*5 - ) 

12 (- 20) cms l o n g , up t o 13-5 mm wide, o v a t e - l a n c e o l a t e from a 

rounded base, a s y m m e t r i c a l l y rounded a t the apex, dark, green or 

anthocyanosed, h i s p i d on the upper su r f a c e and o f t e n c o r r u g a t e d 



- 162 -

between the nerves, the margins u n d u l a t e , c i l i a t e w i t h h a i r s 
1.5 mm lon g on h y a l i n e bases; the h a i r s 0 . 3 mm ap a r t a t the 
base but the i n t e r v a l i n c r e a s i n g up?ra,rds such t h a t i n the irpper 
t h i r d f o r w a r d p o i n t i n g h y a l i n e t e e t h o n l y are p r e s e n t . Bodes 
h a i r y ; the h a i r s up t o 1.8 mm l o n g , w h i t e t o pale mauve. I n ­
f l o r e s c e n c e s 2 , 3 or 4> each w i t h 2 or 3 s p i k e - l i k e racemes. 
Peduncles 0 . 8 mm diameter, t r i q u e t r o u s , g l a b r o u s , seldom as long 
as the u l t i m a t e l e a f - s h e a t h . Racemes up t o 6 cms l o n g , s t r i c t , 
dark green or anthocyanosed. Rachis t r i q u e t r o u s , g l a b r o u s , 
scaberulous a t the margins. S p i k e l e t s ( 2 . 6 - ) 2 . 8 (- i.fy) mm 
lon g , 1 .1 mm wide, b r o a d l y o v a t e - l a n c e o l a t e , sub-acute, green or 
anthocyanosed, becoming straminquous, l o n g s i l k y - h a i r y ; the 
h a i r s w h i t e t o pale mauve, up t o 1 mm l o n g . Second glume c o r ­
responding i n s i z e and shape t o the s p i k e l e t , sub~a.cute, w i t h 
h y a l i n e t e e t h towards the apex. S t e r i l e lemma s u b - s i m i l a r t o 
the glume but embraced by i t m a r g i n a l l y . F e r t i l e lemma and 
palea s u b s i m i l a r , 1.8 mm l o n g , 0 .8 mm wide, the former w i t h a 
much reduced a p i c a l t u f t of h a i r s and embracing the l a t t e r mar­
g i n a l l y . Anthers 0 . 6 mm l o n g , y e l l o w , becoming c o n t o r t e d and 
compressed by the growth of the c a r y o p s i s , seldom b e i n g e x s e r t e d 
and then becoming c r e s c e n t i f o r m . Stigma w h i t e t o pale mauve. 
F r u i t 1,4 mm l o n g , 0 . 8 mm wide, e l l i p t i c obtuse; the embryo oc­
cupying the lower h a l f of the g r a i n . Hilum s m a l l , o v a l . 

a A. compresso (Sw.) Beauv. pedunculo f o l i i t e r m i n a l i s 
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quara vagina r a r o multo l o n g i o r e , i n f l o r e s c e n t i i s s t r i c t i s -
s p i c u l i s l o n g i o r i b u s 2 . 8 mm, l o n g i s s u b a c u t i s p i l o s i s , s t o l o n -
ibus erassioribus, foliorura v a g i n i s a t la m i n i B l a t i o r i b u s , l a m i -
n i s a t r o v i r i d i b u s supra p i l i s r i g i d i u s c u l i s laxe d i s p o s i t i s 
apice saepe r u b i d i s , f o l i o tertninale longitudine reducta d i f f e r t ; 
c u ius exempla i n c o l l e g i o Fourasinense herbarioque Kewense r e -
p o s i t a sunt. 

Axonopus b r e v i p e d u n c u l a t u s x c^fflpressus G l e d h i l l , Hyb. nov. 

Axonopus compressus subsp. b r e v i p e d u n c u l a t u s G l e d h i 1 1 

(Phytomorph. 112 , 4 ; 4- 19^2) pro p a r t e . 

P e r e n n i a l , up t o 25 cms t a i l , f o r m i n g a t u f t e d , s t r o n g l y s t o l o n -

i f e r o u s t u r f i n open, d i s t u r b e d h a b i t a t s . S t o l o n i n t e r n o d e s up 

t o 3 cms l o n g , 2 . 3 mm wide, compressed and s h a l l o w l y double 

k e e l e d . Culms r o b u s t , branched, dark green or anthocyanosed. 

Sheaths compressed, up t o 6 mm wide, lower sheaths up t o 6 cms 

l o n g , s p a r s e l y h a i r y on the margins and below the l e a f b l a d e , 

crowded, f l a b e l l a t e , p e r s i s t e n t . Blades (3 -) H . 4 ( - 20) cms 

l o n g , 9 .5 nun wide, o v a t e - l a n c e o l a t e from a rounded base, asym­

m e t r i c a l l y rounded a t the apex, dark green, u s u a l l y becoming 

s t r o n g l y anthocyanosed, h i s p i d on the upper s u r f a c e , the margins 

c i l i a t e . l o des h a i r y ; h a i r s w h i t e t o pale mauve. I n f l o r e s c e n c e 

2 , 3 or 4 , each w i t h 2 or 3 s p i k e - l i k e racemes. Peduncles 0 . 8 mm 

diameter, g l a b r o u s , t r i q u e t r o u s , as l o n g as or s l i g h t l y l o n g e r 
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than the u l t i m a t e l e a f sheath. Racemes up t o 6 cms l o n g , s t r i c t 
or s l i g h t l y spreading, u s u a l l y anthocyanosed. Rachis g l a b r o u s , 
t r i q u e t r o u s , scaberulous a t the margins. S p i k e l e t s ( 2 . 5 ~ ) 2 .7 
(- }>)mm l o n g , 1 mm wide, o v a t e - l a n c e o l a t e , sub-acute, anthocy­
anosed, becoming stramineous, s i l k y h a i r y ; the h a i r s appressed 
or spreading. Second glume corresponding i n s i z e and shape t o 
the s p i k e l e t , sub-acute, w i t h h y a l i n e t e e t h towards the apex, 
embracing the s t e r i l e lemma m a r g i n a l l y . F e r t i l e lemma and palea 
s u b s i m i l a r , 1.8 mm l o n g , 0 . 8 mm wide, the former w i t h a reduced 
a p i c a l tuft of h a i r s and embracing the l a t t e r m a r g i n a l l y . An­
t h e r s dark mauve, seldom t u r g i d . Stigmas mauve. F r u i t unknown. 

Axonopus arenosus G l e d h i l l , sp. nov. 

P e r e n n i a l up t o 20 cms t a l l , f o r m i n g an open, t u f t e d , 

s t o l o n i f e r o u s t u r f on shaded, s a n d y , s o i l s . S t o l o n i n t e r n o d e s up 

t o 5 c m s l o n g , 2 . 7 mm wide, s l i g h t l y compressed and a c u t e l y but 

s h a l l o w l y double k e e l e d . Culms r o b u s t , ascending or ere,ct. 

Sheaths 6 mm wide, compressed, g l a b r o u s , s t r i a t e , w i d e l y f l a b e l -

l a t e . Blades ( 2 . 5 - ) 1 1 ( - 25) cms l o n g , 15 mm wide, l i n e a r -

l a n c e o l a t e t o o b l o n g - l a n c e o l a t e , from a rounded base, symmetric­

a l l y rounded a t the apex, l i g h t green, glabrous or w i t h remote 

appressed h a i r s , the margins w i t h few s h o r t h a i r s but w i t h hya­

l i n e t e e t h . Nodes g l a b r o u s . I n f l o r e s c e n c e s 3 or 4 each w i t h 2 

or 3 s t r i c t or s l i g h t l y spreading s p i k e - l i k e racemes. Peduncles 
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0 . 8 mm diameter, t r i q u e t r o u s , g l a b r o u s , the l o n g e s t n ot much 
longe r than the u l t i m a t e l e a f sheath. Racemes up t o 8 .5 cms 
l o n g , s t r a i g h t , l i g h t green. Rachis t r i q u e t r o u s , g l a b r o u s , 
smooth or s l i g h t l y scaberulous a t the margins. S p i k e l e t s 3 ~ 
3.5 mm l o n g , 1 .1 mm wide, b r o a d l y o v a t e - l a n c e o l a t e , obtuse a t 
the apex, green, glabrous or w i t h few, s h o r t appressed h a i r s t o ­
wards the base. Second glume corresponding i n s i z e and shape t o 
the s p i k e l e t , obtuse w i t h h y a l i n e t e e t h towards the apex, mid 
nerve conspicuous. S t e r i l e lemma s u b s i m i l a r t o the glume but 
embraced by i t m a r g i n a l l y . F e r t i l e lemma and palea s u b s i m i l a r , 
1.9 mm long and 1 mm wide, the former w i t h o u t an a p i c a l t u f t of 
h a i r s , or the t u f t much reduced, and embracing the l a t t e r mar­
g i n a l l y . Anthers brownish-mauve. Stigma mauve. F r u i t s 1.7 mm 
l o n g , 0 . 9 mm wide, e l l i p t i c obtuse; the embryo occupying the 
lovrer h a l f of the g r a i n . Hilum s m a l l , o v a l . 

a A. compresso (Sw.) Beauv. pedunculo f o l i i t e r m i n a l i s 

quam vaginsp, r a r o multo l o n g i o r e ; i n f l o r e s c e n t i s s t r i c t i s v e l 

s u p p a t u l i s ; s p i c u l i s l o n g i o r i b u s , 3 - 3.5 mm l o n g i s , s u b a c u t i s , 

g l a b r i s v e l r a r i s s i m o p i l o ; nodis g l a b r i s : s t o l o n i b u s c r a s s i -

o r i b u s ; f o l i o r u m v a g i n i s e t l a m i n i s l a t i o r i b u s ; l a m i n i s g l a b r i s 

p a l l e n t i v i r i d i t a t e ; f o l i o t e r m i n a l e l o n g i t u d i n e r e d u c t a d i f f e r 

Cuius exempla i n c o l l e g i o Fourasinense herbarioque Kewense r e -

p o s i t a sunt. 
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Axonopus a f f i n i s Chase. 

P e r e n n i a l up t o 30 cms t a l l , f o r m i n g t u f t s or spread­

i n g i n t o a matted cover "by slender rhizomes and s h o r t , many-

noded s t o l o n s . S t o l o n i n t e r n o d e s up t o 3 cms l o n g , 1.2 mm ¥/ide 

(seldom up t o 2.5 mm), compressed and s l i g h t l y double k e e l e d , 

nodes glabrous t o s l i g h t l y w h i t e - h a i r y . Culms s l e n d e r , e r e c t 

or ase'ending. Sheaths 3 ram wide, compressed. Lower sheaths 

crowded, f l a b e l l a t e smooth or s t r i a t e . Blades (4 - ) 20 cms l o n g , 

(3 ~) 7 mm wide, l i n e a r , obtuse t o sub-acute a t the apex, f l a t 

or s l i g h t l y f o l d e d along the mid nerve, glabrous or very s p a r s e l y 

c i l i a t e , margins c i l i a t e . U l t i m a t e culm l e a f 1 . 5 - 6 cms l o n g . 

I n f l o r e s c e n c e s 2 - 3> each w i t h 2 or 3 s p i k e - l i k e racemes. 

Peduncles 0.5 mm diameter, t r i q u e t r o u s , g l a b r o u s , much l o n g e r 

than the u l t i m a t e l e a f sheath and o f t e n f l e x u o u s . Racemes 4 -

6.5 cms l o n g , p a t e n t . Eachis t r i q u e t r o u s , m i n u t e l y s c a b r i d a long 

the margins. S p i k e l e t s 2 - 2.3 mm l o n g , 0.7 mm wide, oblong e l ­

l i p t i c , s l i g h t l y anthocyanosed, s p a r s e l y s i l k y - h a i r y a t the base 

and apex, w i t h appressed h a i r s f l a n k i n g the o u t e r nerves of the 

second glume. Mid-nerves of the second glume and s t e r i l e lemma 

suppressed. F e r t i l e lemma and palea s u b s i m i l a r , 1.8 mm l o n g , 

0.7 mm wide, the former embracing the l a t t e r m a r g i n a l l y b ut w i t h ­

o u t , or w i t h h a r d l y any, a p i c a l t u f t o f h a i r s , crustaceous and 

m i n u t e l y rugose. Anthers 0,5 mm Long, p=tle mauve w i t h darker 

margins, Stigma mauve. F r u i t s 1.7 mm l o n g , 0,7 mm wide, e l l i p -



t i c obtuse, y e l l o w i s h w h i t e ; the embryo occupying- the lower 

h a l f of the g r a i n . Hilum s m a l l , o v a l , 

s t r i b u t i o n s_ 

A. compressus - West I n d i e s , French. B r i t i s h and Butch Guiana, 

Venezuela, Columbia, Equador, Peru, B r a z i l , B o l i v i a , Paraguay, 

A r g e n t i n a south t o Tucuman, Panama, Costa Rica, Nicaragua, 

Honduras, Salvadore, Guatemala, South F l o r i d a , L o u i s i a n a , Hawaii, 

Japanj Malaysia, I n d o n e s i a , I n d i a , Assam, S e y c h e l l e s , N a t a l , 

Z u l u i a n d , East T r a n s v a a l , Swaziland, Congo, French E q u a t o r i a l 

A f r i c a , Tanzania, Cameroua, N i g e r i a , Dahomey, Togoland, Ghana, 

I v o r y Coast, L i b e r i a , S i e r r a Leone, Guinea and Gambia. 

A. f l e x u o s u s - Guinea, S i e r r a Leone, L i b e r i a , N i g e r i a , Congo, 

Kenya, Uganda, Tanzania, Zambia; a l s o i n Costa Rica, Singapore 

and A u s t r a l i a . 

A. b r e v i p e d u n c u l a t u s - Guinea, S i e r r a Leone, L i b e r i a . , Ghana, 

N i g e r i a , Fernando Po, Congo, Angola, Uganda, Honduras, Cuba, 

Jamaica, Puerto Rica, Windward I s l a n d s , T r i n i d a d , Paraguay, 

Assam, Ceylon, Malaysia, Java and A u s t r a l i a . 

A. arenosus - S i e r r a Leone. 

A. a f f i n i s - Gulf s t a t e s of America, West I n d i e s , Matogrosso 

( B r a z i l ) , Paraguay, Venezuela, temperate S. America (Alemania and 
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P r o v i n c i a de T o l x a ) , Singapore, Malaysia, A u s t r a l i a , Japan and 
the P a c i f i c I s l a n d s . 
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Appendix 2 . 
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Sources of materials. 

Origin Habitat Collector Reference 

Mt .Aureol. wet,shaded. D.G. 101 

Pepel. dry,exposed,sandy. D.G. 102 

Mt.Aureol. Dry,exposed. D.G. 103 

Mt .Sugarloaf. dry,rocky summit. D.G. 104 

Bo. wet,exposed,sandy. D.G. 105 

Monrovia,Liberia. dry,expo s ed,s andy. D.G. 106 

Legon,Ghana. dry,shaded,s andy. D.G. 107 

Togoland. ? J.M.Klitz . 108 

Ibadan,Nigeria. ? H.T.Clifford. 109 

Put jehun. dry,shaded,sandy. D.G. 110 

Messima. seasonally wet. D.G. 111 

L e i c e s t e r . wet,shaded. D.G. 201 

Njala. wet,shaded. D.G. 202 

Kindia, G-uinea. wet,shaded. ? 203 

Achimota,Ghana. botanic gardens. C.D.Adams„ 204 

Messima. seasonally flooded. D.G. 205 

Mano Bonjema. seasonally flooded. D.G. 206 

Abidjan,Ivory Coast, 'bas fond humid'. J.Brun. 207 

Gloucester. wet,shaded. D.G. 301 

Hastings. wet,exposed. D.G. 302 

Njala. wet,shaded,s andy. D.G. 303 

Hamilton. shaded,sandy,saline. D.G. 304 

Bonthft. wet,shaded,sandy. D.&. 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.S.A. Kilgore Seed Company 401 

Australia Royal Botanic Garden,Sydney. 4-02 

Herbarium collections examined. 

Royal B 0tanic Garden, Kew. 328 specimens of the A.compressus complex, 

and specimens of 54 other gpecies i n the genus. 

Royal Botanic Garden,Edinburgh, 8 specimens of the A.compressus 

complex. 

Botanische Staatssammlung,Munich. 37 specimens of the A.compressus 

complex. 

S i e r r a Leone Agricultural Department,Njala. 9 specimens of the A. 

compressus complex. 

Paris Herbarium. Type materials 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 c o l l e c t i o n for subsp.congoensis. 

Pobeguin's specimen 1703 - also cited by Henrard f o r subsp.congoensis. 

deSaeger's specimen 133& ~ part of the type c o l l e c t i o n for IProupin's 

species, A.fiexuosus. 

Curtiss' specimen 6638, Kearney's specimen 356 and B a l l ' s specimens 

55 and 115 - c i t e d by Chase as belonging to A . a f f i n i s . 
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