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A B S T R A C T

Field surveys and investigations o f  representatives o f Anthericum L. 

and Chiprophytum Ker-Gawl. complex in Nigeria were carried out in their 

natural habitats in at least sixteen States o f the Nigerian Federation. 

All herbarium specimens in the Forestry Research Institute, Ibadan 

and in nine Nigerian Univetfsities visited were examined ( i f  any).

So far ' teß species o f Anthericum and fifteen  species o f Chlorophytum 

have been reported and collected  in Nigeria.. They were a ll studied 

morphologically. Detailed ecological analysos including the Chemical 

composition o f their soi]s were carried out on three taxa o f Anthericum 

and ten taxa o f Chrolophytum. Many liv in g  populations were sampled 

from their d ifferent natural habitats in Nigeria, Their representa­

tives were cultivated in three locations fo r  experimental studies.

Data were collected  on the morphology by conventional methods and 

analysed. Anatomical data were amassed from the lea f surface pattems 

and the roots. Types o f le a f margin anatomy were noted. Cytological 

studies were carried out in five  taxa o f  Anthericum and eleven taxa 

of Chlorophytum. There were inter-generic hybridization tests.

The use o f lea f vein spacing interval and anther: filament 

ratio as taxonomic cr ite r ia  have been suggested and their usefulness 

in the monocotyledon taxonomy, especially in Liliaceae, needed to 

be further explored. The importance o f lea f margin anatomy as a
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taxonomic criter ion  above species leve l was highlighted. 

Chromosome counts fo r  seven taxa were confirmed, v iz ;

£ . macrophvllum (A. Rieh.) Äschers 2n = 28

C,. blepharophvllum gchwinf. ex Bak. 2n = 28

C. atenopetalum I Bak. = 14

£ . atenopetalum II  ( s p .  nov. ) 2n = 14

C. laxum R. Br. 2n = 14

C. inomatum Ker-Gawl. 2n = 14
C.. togoense Engl. 2n = 14
New chromosome counts were recorded in :-

£ . geophilum Peter ex. v. Poelln . 2n = 28

C. a lisaifolium  Bak. 2n = 16

Chiprophytum X ( r e la t e d  fco C. e la tu m ) 2n = 16 

£ . caulescens (Bak.) Marais & R eilly

( formerly A. caulescens Bak.) 2n = 16

A. 1 imosum Bak. . 2n = .16

A. pterooaulon I Welw. ex Bak* 2n = 24

A' Pterocaulon II ” 2n = 16

A’ nubicum Bak. 2n = 16

A. pubirhachia Bak. 2n = 16

A* uvuiense 2n = 16

The possible evolution o f chromosome numbers in the complex 

has been postulated. The possible chromosome evolution o f  the 

complex based on the available data from this work and existing
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literature has been proposedi Evidence «ras adduced to Support the 

Suggestion that the possiblte ba-s&c Chromosome nusaber in the complex 

was x = 4, and that n * 8 Wag m Secondary basic number. I t  has 

also been contended that n *  7 and h * 6 eVolved from a more 

primitive n = 8.

Supplementary evidence in Support o f Marais and R eilly ’ s (1978) 

transfer o f A. caulescens from Anthericum into Chloronhytum as 

C. caulescens was adduced. A form o f 6 .stenopetalum has been elevated 

to species level on account o f its  morphological, cy to log ica l and 

genetic d ifferences. A new taxonomic key has been proposed fo r  the 

Separation o f Anthericum and Chiprophytum.

The p o s s ib l e  mode o f  e v o lu t io n  o f  some N ig e r ia n  s p e c ie s  

o f  A nthericum  and C h lorophytum . b a sed  m ain ly  on t h e i r  l e a f  

s u r fa c e  p a t t e r n s ,  has been  p r o p o s e d .
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chapTer 1

IHTRODUCTION

Cytogenetics, a re la tively  new aapeet o f  b io log ica l and medical

Sciences i s  a h y b r id  o f  c y t o l o g y  and g e n e t i c s  (Sw anson, 1 9 6 5 ) . 

Cytology is  undertaken in the hope o f deter»ining the presence o f 

heritable characterst establishing the pjiysical bases o f heredity 

so as to throw light on the phylogeny and inter-relationship o f  

multitudinous forma o f  liv in g  organisms, through studying the structure, 

behaviour, growth, reproduction of c e lls  and exploring the properlies 

o f the protoplasm (Darlington, 1928v; Sirks, 1956; and Gardner, 1965). 

Genetics, on the other hand, deals with heredity, a study which seeks 

to explain the sim ilarities and dilferences that exist between 

parents and their o f f  spring (McGraw-IIill, 1977), between closely  

related species, genera or even tribes. In Order to establish a 

comprehensive and convincing cytogenetical relationship between t /o 

morphologically 3imilar organisms at any taxonomic leve l, studies 

o f ecology, detailed morphology and anatomy, cytology and experi­

mental breeding o f the organisms need be investigated. This is  

necessary becuuse the phenotypic Chirac ters are the manifestations 

o f the gene3 located on the chromosomes, the plasmagenes or 

cytogenes ( i . e .  fractional parts o f chromosomes found in the 

cytoplasm which can multiply by themselves completely and
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independent ly (Wright, 1941; 1949; Sirks, 1996; and Webster, 1966) in 

interplay with environmental factora which play a modifying role.

Since this study tries to employ these aspects; ecology, morphology, 

anatomy, hybridization and qytology -  in oonsidering the cytogenetic 

relationship and the probable mode o f  evolution o f  the genera 

Anthericum L. and Chloroohvtum Ker-Gawl. .  the word 'Biosys tematica' ,  

which is  ordinarily more inclusive than 'cytogenetics ' is  used in  the 

t i t le .

The role o f  cytogenetics in the solution o f taxonomic probl«ms 

is  assuming increaaing importance. Many such recent works include 

Brighton and Wickens (1976) on Combretua. Brighton and Merguson (1976) 

on Melalevea malalena. Qyewole (1972), employed cytogenetics to 

elucidate the relationship and evolutionary trend among the species 

o f  Albuca. Naik (1976) employed cytogenetic data to postulate the 

probable evolution o f Indian species o f  the genus Chlorophytum.

On many occasions, cytology and genetics have helped in supporting 

or correcting and, in some cases, re jecting early c la ss iflca tion s  

o f  organisms through chromosome counts, and chromosome morphology, 

coupled with results o f  inter-breeding erperiments. Buchanan (1958), 

working on Luzula campestris. Berota (1959), working on the Trilliums 

o f  Northern Carolina and Carr (1978), working on R ailliardia and 

Bubautia. two genera o f compositae, employed these methods in solving

their d ifferent taxonomic problems
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The close sim ilarities between Anthericum L. and Chip rophy tum 

Ker-Gawl., two genera o f the family Liliaceae, have generated 

confusions. Hamily L iliaceae, as described by Baker (1888), was 

more complex than the present day family in that the members o f the 

tribe Dracaeneae have been transferred to form a part o f  the new 

family Agavaceae while those with umbellate inflorescence (tribe  

Allineae) are now members o f the family Amaryllidaceae. The family 

Smilacaceae was formed o f  the scandent stemmed members o f  Baker's 

Liliaceae (Oyewole, 1971)•

In spite o f these transfers, the present family Liliaceae is  

s t i l l  complex, with complexities in sim ilarities and forms among 

species and genera. The tribe Asphodeleae consists o f Anthericum.

Chiprophytum, Acrospira. Bulbine. Asphodelus. Dasystacfays. Eriospermum. 

Diuranthera. Echeandia. Trachyandra. Trichop letalum (Bottionea)>

Verdickia and Schizobasis (Marais and R eilly , 1978). Out o f these 

genera, only Anthericum and Ghlorophytum and Eriospermum Jacq.

(Hepper 1968) are represented in Tropical West A frica . Eriospermum 

is represented by only one species, E. abys3inicum Bak. in West 

Tropical A frica. Hence only Anthericum and Chloropfaytum. the two 

genera with appreciable representatiyes, are considered in this study.
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Tho major pioble“  o.-f the Anthericum L. and Chiproohvtum Ker-Gawl. 

complex is  nainly o f  developing taxonoißic c r ite r ia , which w ill separate 

them or group them together, with convincing, ofcservable and objec tive 

ehhaMcofctecsrs. In trying to solve this problemy Hepper (1 96ö) separated 

the two genera in his la test revision o f  l i lia ce a e  (F.W,T.A. ? 3(i)J 

as follows:

" P r u it s  . globose or shallowly lobed, 

seeds not f la t .

Inflorescence slender, more or less branched,

Base o f  leaves more or less reddish mottled.

.................. (5 ) Anthericum

F r u it s  deeply lobed, seeds compressed 

Inflorescence branched or subspicate;

Reddish mottling absent from the base of leaves.

' .......... « .(6 ) Chloro-phytum"

The criter ia  on which this key is  based, are not clearly  

comparative enough and thus subject to individual judgement.

Hepper has admitted that the taxonomy of these two genera ca lls  fo r  

a revision in a personal communication (Ngwa, 1979; c ite d ). The 

criterion  which seems to separate the two genera decisively  is  the 

reddish mottling o f  the lea f base; and this is  not true of a l l 'th e
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A nthericum  sp ec im en s . So f a r ,  r e d d is h  m o tt l in g  has n o t  been

found in  th e  l e a f  base  o f  A . limosum Bak. A , n iq er icu m  H epper,

A„ nubicum ba k . and A . p te r o c a u lo n  W elw .ex .B ak . specim ens

c o l l e c t e d  by  th e  a u th or  o r  p re s e rv e d  in  th e  F o r e s t  R esearch

I n s t i t u t e  herbarium  (F H I), Ibad an , and a t  the B otany D epart -

ment herbarium  o f  U n iv e r s ity  o f  Ibadan (UIH) and th a t  o f

U n iv e r s ity  o f  I f e ,  (IF E ) .  H epper, h im s e lf  o n ly  n o ted  r e d d is h

m o tt l in g  in  A 0 d a l z i e l i i  Hutch ex  Hepper o u t  o f  th e  fo u r te e n

s p e c ie s  o f  A nthericum  he l is fe e d . H owever, the b a se  o f  the

in f lo r e s c e n c e  o f  specim er. o f  A . p te r o c a u lo n  in  th e  herbarium

o f  the F o r e s t  R esearch  I n s t i t u t e  o f  N ig e r ia ,  Ibadan i s  r e d d is h

m o tt le d . Specim ens o f  t h i s  s p e c ie s  c o l l e c t e d  on th e  f i e l d

t r i p s  f o r  t h i s  work showed no r e d d is h  m o t t l in g .  T h is  c r ite r d o n

t h e r e fo r e  i s  n o t  v e r y  r e l i a b l e .  The so  c a l l e d  r e d d is h  m o tt lin g

has been  fou n d  t o  be dependent on the s ta g e  o f  developm en t and

tor  en v iron m en ta l chan ges in  A . p u b ir h a ch is  Bak. The s p e c ie s

had r e d d is h  m o tt l in g  b e fo r e  f lo w e r in g  bu t the r e d d is h  m o tt lin g

g r a d u a lly  fa d e d  away as th e  f r u i t s  d e v e lo p e d . The r e d d is h  
m o tt lin g  a l s o  d isa p p e a re d  g r a d u a lly  as from  mid—June in  the 
n o n -f lo w e r in g  r e p r e s e n t a t iv e s  o f  the s p e c ie s .

Hanid (1 9 7 4 ) ,  w ork in g  on Kenya s p e c i e s ,  and M arais and 

R e i l l y  (1 9 7 8 ) ,  u s in g  Kew herbarium  c o l l e c t i o n s  o f  A nthericum  

and C h lorop hytum , saw th e  l i m i t a t i o n  o f  Heppens C l a s s i f i c a t i o n  

and used the seed  and f r u i t  c h a r a c t e r s  as t h e ir  b a s is  o f

c l a s s i f i c a t i o n s .
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I t  is  interesting to note that Marais and R oilly , wo iking on almost 

a l l  species so far co llected  in the world did not include any of the 

eight species o f Anthericum that Banid transferred to Chip rophvtum»

Thus their work did not complement each other. Nor was reference 

made by Marais and R eilly  (l9'<8) to any o f the representatives o f  the 

genera in Tropical Ehst A frica. The criter ia  put forth  by Ngwa (1979) 

for separating the two genera are not more reliable than what Hepper 

and other workers have advocated.

The confusion in the two genera -  Anthericum and Chlorophytum -  

does not Stop at the generic leve l. P oelln itz (1 951) reported seventy 

species o f Anthericum in Tanzania, while Moore (1951) added s ix  new 

species. Hepper (1968) lis ted  twenty-four species o f  Anthericum in 

Tropical West Africa, which he reduced to fourteeii by synonym, out o f th e s e  

14 , . ten species have been collected in Nigeria. W illis (1945) put 

Chlorophytum species as one hundred and f i f t y ,  with seventy-five species 

reported to have been found in Tropical Africa, seventy-three species 

from South America and South Asia while the remaining two species were 

from Austral ia . Hepper (1968) recorded fifty -on e  tajta o f Chlorophytum 

and five  taxa o f Dasvstachvs in Tropical We3t A frica, which he reduced 

to twenty-one species o f Chlorophytum. Eburteen out of these have been
S

collected

The large number of species recorded by both Poelln itz and W illis 

might have been due to the sim ilarities between the two genera.: Hence
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the aame tazan might have been namod as a species o f both Anther icum 

and Chlorophytum. The othor p oss ib ility  is  that thö3e plants manifest 

different vegetative morphdilogy in different environmental condition», 

at d ifferent timea o f  the year~ (i.e . seasonal variations) or at d ifferent 

ages. Thus a single taxon may po3sibly have four to six d ifferen t 

iritentif i c a t i o r e : t w o o r  th r e e  as C hlorophytum  and two o r  three as

Anthericum. It  i3 therefore not surprising when Obermeyer ( 1962) 

reduced five  specie3 o f Chlorophytum to Synonyma. Hanid (1974), in 

Kenya lumped eight species o f An thericum and two apecies o f  Chlorophytum 

into £. affine Bak. Ooststroom (1941) also grouped A. rouwoncrtii 

De:Corter with _C. capense Kuntze.

Except for  Ngwa (1979) who has worked on the cytogenetics o f  nino 

taxa o f Chlorophytum in Nigeria, no other work has been recorded on 

Nigerian speciea o f Chlorophytum and Anthericum. The present study, 

therefore .aimed:

( i )  to examine and analyse the morphology, anatomy and ecology 

o f some o f the Nigerian repräsentatives o f the two genera 

with a view to establishing the relation3hips between the 

two genera;

( i i )  to examine the cytologicu l a im ilarities or differences

between the representatiiros o f the two genera in Nigeria 

with a view to defining their relationships cy to lo g ica lly ;
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( i i i )  to attempt to establish. genetie telationships between

the two genera by a ttem p tin g  i n t e r - g e n e r i c  c r o s s e s  

between repräsentatives of both genera;

(iv ) to c r it ic a l ly  examine and analyse their sim ilarities

ahd/or differences to see whether bhey are two d istinct 

genera with c lear , convincing, comparative and defin itive 

cr iter ia , or whether they should be merged as one genus, and 

(v) to consider a probable' ay o la tion a ry  pathwgy for the Nigerian 
species o f the two genera.
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CHAPTER 2

COLLECTION AMD HABITAT STUDY.

A „ MATERIALS;

P re lim in a ry  in v e s t ig a t io n s  o f  v e g e t a t iv e  m orp hology  o f  

the herbarium  specim ens o f  th e  two gen era  were made a t  th e  

F o r e s t  R esearch  I n s t i t u t e ,  Ibad an , and Botany D epartm ent, 

U n iv e r s it y  o f  Ibad an , N ig e r ia ,  In  a l l ,  o v e r  one hundred and 

f i f t y  specim ens co m p ris in g  n in e  s p e c ie s  o f  A nthericum  1 ,  and 

f i f t e e n  s p e c ie s  o f  Chlorophytum  K er-G aw l, w ere exam ined,

T h is  p r e lim in a r y  s tu d y  was c o n s id e r e d  n e c e s s a r y  in  o r d e r  to  

become fa m i l iä r  w ith  the members o f  the two g e n e ra , The 

h a b it a t s  and a re a s  o f  c o l l e c t i o n  o f  each  specim en  were n o ted  

so  as t o  a id  in  fu tu r e  c o l l e c t i o n  t r i p s ,

Some c u l t i v a t e d  specim sns o f  b oth  g e n e ra , grow ing in  th e  

N ursery o f  B otany D epartm ent, U n iv e r s ity  o f  Ibad an , w ere a l s o  

exam ined, t o  a id  f i e l d  i d e n t i f i c a t i o n ,  These l i v e  specim ens 

b e lo n g e d  to  A nthericum  limosum Bak, A , p te r o c a u lo n  Welw, e x ,  

Ba]c»» C„ c a u le s c e n s (B a k ,) M arais & R e i l l y  (A„ c a u le s c e n s  Bak, 

Co laxum R o B r,, C„ m acrophyllum  (A ,R ic h . )  B a k ,, C, to q o e n se  

E n g l , ,  and Chlorophytum  X (v e r y  c l o s e  t o  C„ elatum  R ,B r , ) ,UNIV
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COLLäiCTIQN TRIPS

Several loca l and two long f ie ld  trips were undertaken.

On each occasion, at least one esperienced f ie ld  worker from 

either the Forest- ' Research Institute or the Nursery/Botanical 

Garden of the Department of Botany, was haken along on hhe trip , 

a. Local Trips;

Local co llection  trips were made to the neighbouring areas 

including the Botanical Garden, University of Ibadan, Olokemeji 

Forest Reserve, Federal Forest Reserve, Eleyele, Ibadan, 0ke~0gun 

Forest Reserve, Iseyin and Federal Forest Nursery, Ig b e tti. Most 

of the Chlorophytum specimens brought from these local trips were 

checked by comparing them with cited herbarium specimens 

for Identifica tion . Further confirmation was made by using Flora 

of West Tropical A frica, Volume III  Part I .  Species identified  

from the Chlorophytum specimens were _C. togoense, 0. macrophyllum.

£ . inomatum and _C. alismifolium. Chlorophytum caulescens 

(A, caulesoens) was also co llected , Some of the plants were 

preserved as herbarium specimens while others were planted in 

p lastic pots in the Nursery of Botany Department, University o f 

Ibadan. Periodic v is its  were made to the habitats of (J. caulescens. 

£ .  inomatum and _C. macrophyllum in the Botanical Garden, University 

of Ibadan, Ibadan, Those at Onigambari, Igbetti and Iseyin were
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visited  every three months. The investigations of these plants 

in their natural habitat were to find out i f  any o f their 

characters were due to seasonal varia tions and a l80 to compare 

then with those found in  cultivation« 

b. Long Trips:

Two long co llection  trips were uiade during this study. The 

long trips were necessary so as to have a wider sample o f each 

species and to particu larly  look fo r  species o f A tithericum  w hich  

ound rnainty in the Northern parts o f  the country. Po3Qibility o f 

co lloetin g  n,em 'taxa„ o f  Chlorophrtum was also anticipated.

In August, 1977, a f ie ld  trip  was made to n o r th e rn  N ig e r ia  

Fig. 1 ). During this tr ip , A* nubicum. caulcscens.

A» subpetiolatum, A* limosum, a . pubir.hachiB and A» Pteroca.ulon I 

were co llected . Other speciraen3 collected  were _G. blepharophyllum. 

C_. 3tenopetalum I and _C. geophilum. Most of these plants did not 

have seeds while 3ome, especiallj'’ the Anthericum species, \rere 

not flowering at the time of co lle ction . They were therefore 

planted in  pots in the Wursery fo r  Observation. Three o f the 

Anthericum species - _A. pabirhachis, A. subpetiolatum and 

A. nubicum -  and. geophilum withered and did not come up again 

during the following growing season.
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In order to get more species of Anthericum and possibly
collect thern in flowers, another field trip was undertaken
towards the end of June and early Ju.ly in 19 79, Düring this
trip many specimens of Anthericum and Chlorophytum were again
collected. Many populations of C„ stenopetalum, C. rnacrophyllum
C„ inornatum, C. blepharophyllum and C_, laxum were sampled.
Anthericum pubirhachis, A. limosum., A. pterocaulon and A,
uyuiense were also sampled from different populations.

The following is a list of the taxa collected and on which
ecological, morphological, anatomical, cytological and genetical 
studies were carried outs

Chlorophytum alisraifolium Bak.
Anthericum limosum Bak.
Anthericum pterocaulon Welw. ex, Bak, 
Anthericum pubirhachis Bak.
Chlorophytum caulescens (Bak,) Marais & Reilly 
Chlorophytum X (close to C, elatum R,Br,)

Chlorophytum inormatum Ker- Gawl.
Chlorophytum laxum R. Br,
Chlorophytum macrophyllum (A.Rich.) Aschers
Chlorophytum stenopetalum Bak.
Chlorophytum togoense Engl.

In addition, some data were also accumulated on a variety 
of each of A. nubicum Bak.5 A„ ?pterocaulon, A, uyuiense Rendle 
and C. qeophilum Peter ex v. Poelln. which were collected

Voucher specimens of all the plants collected are lodged 
in the University of Ibadan Herbarium (UIH) and Forest 
Research Institute Herbarium, Ibadan (FHI).

blepharophyllum ScRweinf ex. Bak,
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B. tiCOLOGICAL STUDT

Anthericum and Chiprophv tum species have beon reported to 

be greatly influenced by environmental factors (Hanid, 1974).

The confused state o f  their taxonomy is attributed to their 

quick morphological responses to ecolog ica l changes (Mgwa, 1979). 

Thus the study o f  their ecology is  necessary in Order to be in a 

better position to assess ob jectively  the influences o f  various 

ecologic&l factors on their distribution and morphology .

1. MKTHODS:

( i )  ^vjrpnpental Stafliga:

Bach oollected sample fron every sampled population was given 

an index number immediately after co llection  and labelled 

accordingly. Records o f  their vegetative p ecu lia rities , area o f  

3oix®ctioa* and f lo r is t ic  features o f  the location o f  each 

population were a ll  kept in  a fie ld  notebook for each sample. 

Samples o f  each specimen, labelled with the specimen's index 

number were planted in p lastic  pots a fter each iiju d  tr ip . The 

specimens were then idehtified  by comparison with authenticated 

herbarium specimens.

Repräsentatives o f each sample were put in the green house, 

sooe under the Mursery ahed, while a set was kept outside under 

shade in the Mursery. Another set o f  the samples was kept at 

Ijebu-Ode, 70km Southwest o f  Ibadan, for Observation and
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investigation,

( i i )  S oil Analysis;

S oil sample was taken from the habitat of every sampled 

population just from the spot where specimens were collected .

The s o il was labelled with the same indes number as the plant 

samples. The s o il  sample was weighed with a spring balance and 

the weight was recorded accordingly in the f ie ld  note book 

(See (b) below). 

a, Mechanical Analysis;

S oil samples collected  during 1977 fie ld  trip  to the Northern 

States were analysed roaghly. Each s o il  sample was suspended in 

50ml- of d is t il le d  water in  a 10Qml. gradua+ed glass cylinder.

The Suspension was thoroughly shaken and allowed to stand for 

twenty-four hours to settle  down properly, Each s o il  layer was 

tben worked as a percentage o f the whole column of the s o i l  

(Oyewole, 197l).

The above method, very simple in  Operation, was found very 

helpful for  materials occurring in  widely varied ecological niches. 

Since species of Anthericum and Chlorophytum occur in very similar 

ecologica l niches, this method became inadequate. To fo re s ta ll 

the lim itation of this method, hydrometer method of s o il 

mechanical analysis, modified by Bouyoucos (1936) was used for  

the s o il  samples collected  during 1979 fie ld  trip .
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b„ Determination of Field Water Holding Capacity»
After the field trip, the soil samples were dried at room 

temperature and weighedo The difference was recorded as the 
weight of water contained in that given weight of the soil=.
The water holding capacity was expressed as the ratio of 
weight of water per unit weight of soil» 
c„ Determination of Soil Water.

The air dried soil sample was weiged«, It was then oven 
dried for twelve hours» The soil was allowd to cool down 
and weighedo The difference in the weight of air dried soil 
and oven dried soil was recorded as the weight of soil water. 
It was found as a percentage of the air dried soll» 
d» Determination of Total Nitrogen;

For the total nitrogen content of each soil sample, the 
method described by Yuen and Pollard (1953) and Machenie & 
Wallace (1954), modified by Department of Agronomy, University 
of Ibadan, Nigeria was used.

The total percentage of Nitrogen in the soil was 
calculated and recorded accordingly. 
e, pH, Measurement:

lOgm. of air dried soil sample was weighed into a pH cup= 
25ml, of distilled water was added to the soil and stirred for
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fiv e  minutes. The pH meter was set at pH 4, pH 7, and pH 9. The 

Suspension was then stirred just prior to taking o f the pH reading.

Hie pH fo r  eaeh s o ll sample was recorded.

f . Bxhangeable Cations;

Sxchangeable cations determined fo r  this work iw«re potassium

(K+) ,  Sodium (Na+), Calcium (Ca4-4*) and Magnesium (l%++) .

SandeUJs (1944) methods fo r  determination o f K+, Na+, Ca++ and Mg++
4” 4" 4*4"were used. The amount o f Ha , K and Ca were read front each s o il

4H"fi ltr a te  on Flame photometer, The amount o f Mg present was read 

on the Atomic Absorption spectrophotometer.

g. Determination o f Phosphorus in the S o il;

The method o f Jackson (1962) modified by the Agronomy Department, 

University o f Ibadan, Nigeria, was used for the determination o f  the 

average P in each s o il  sample.

The amount o f average P was read on  Spectromic 70 at 882nm. The 

reading was recorded for each s o il  sample.

( i i i )  ECOLOGICAL _DATA:

The e c o l o g i c a l  - data o f Anthericum and Chipronhvtum

representatives in Nigeria were collected from the Herbarium o f  the 

Forest; Research Institute o f  Nigeria, Ibadan. Some data were also 

collected  from the Department o f Botany, University o f Ibadan, Department 

of Botany, University o f I fe , Department of Botany, University o f Jos, 

Department o f B iological Sciences, Ahmadu Bello University, Zaria and 

that o f University o f  I lo r in .
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The herbaria of the Universities o f Calabar, Port-Harcourt, 

Nigeria, ITsukka; Ado Bayero, Kano; and Lagos were v isited  in June/ 

July, 1979. They a l l  had l i t t l e  or no records of Anthericum and 

Chlor ophytum. The geographical location3 of the populations sampled 

and the area of co llection  mentioned by Hepper in the Flora o f West 

Tropical A frica were also extracted fo r  record purposes.

Front a l l  the above sources, geographical locations of the 

habitats of Anthericum and Chlorophytum species,so 

far collected in  Nigeria were compiled (See Map I I ) .
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C. MORPHOLOGICAL AND EGOLOGICAL OBSKRVaTIOHS

The ecology o f  three Anthericum apeciee and eight speciee 

o f  Ghlorophytum was studied. A comparative study between the 

collected  specimens and those cultivated revealed sorne degree 

o f  obaervable changea in their morphological characters. A 

fürther Observation between specimens o f  the same spacies put 

at d ifferent lecations in the Same loca lity  -  Nurseiy o f  Botany 

Department -  and those at Ijebu-Ode, revealed some morphological 

changea.

Ghlorophytum cauleacena (Bak.) Maraia & R eilly (^. canleacena) 

Populations o f  C. cauleacena were obaerved and sampled 

from many habitats including Botanical Garden, Univeraity o f  

Ibadan, the outskirta o f  Kagara, a small v illage 70 km. south 

o f  Kaduna, «ad at a fiucalyptua plantation just twenty-four 

kilometr®s to Kaduna from Bi min Gwari. Those collected  from 

the Kaduna d is tr ic t  and those at the Botanical Garden were the 

saine morphologically. However, those from Kaduna had narrower 

leaves and were ta lle r  than those at Ibadan, which were collected  

among grasses (e .g . Andropogon tectorum). The specimens had 

"pseudostem" made up o f sheathed lea f bases. The lea f base 

had no reddish mottling.

Those collected  from about 200 metres south o f  Kagara 

town, (along the aide o f a h i l l  lying about seventy metres
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to the right of the main road), an open area, were d ifferent 

frorn those of the o th r  populations. They had sof t hairy 

structures which covered the lea f larnina and the aheath. In 

cultivation they had more leaves. The hairiness of lea f and 

sheath surfaces bacame re d u ce d  and was e v e n t u a l ly  l o s t .

Anthericum limosum. Bak.

Populatians were sampled along Zaria -  Jamaru road and 

around the railway Crossing in Jos, where they grew with 3peciea 

of Andropogon, Jardinea and Imperata.

The species formsshort *pseudostems' which are compressed 

or flattened. Their lea f bases ha"\ie no reddish mottling although 

they are pinkiah.

There were no observable morphological differences aotributable 

to environmental factors, The species flowered very well in 

cu ltivation , but produced no matured fru its . hven those preserved 

in Forestry Research Institute o f N igeria, Ibadan and those at 

Universities herbaria v is ited  s e ld o m ly ’ had more than 

two developed fru its  in a whole inflorescence of more than ten 

flowers.

Anthericum pterocaulon Welw. ex. Bak.

Two varieties of th is  species were encountered in this work. 

The f i r s t  va iie ty  grew  lu x u r ia n t ly  in  th e  N u rsery
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but did not flower for two years. After the root-tips had 
been harvested for mitotic studies, the specimen withered. 
Unfortunately the specimen did not sprout during the 
following growing season. The area of collection 'and the 
collector were not known. Efforts made to get new 
specimens on field trips failed«, This variety was hairy»
It had short compressed ’Pseudostem*.

The second /ariety of A, pterocaulon was sampled from
two populations during field trips. The first population
was sampled on the outskirts of Jos. The habitat was a
well weathered rock just before entering the town from
Zaria. The area was shaded by some species of Combretum.
The second population samped was located a few metres
from Bukuru on Gimi Road, They were found among species
of Andropoqon, Imperata, Perotis and Corobretum.

The specimen had short compressed pseudostem formed
by the leaf base sheaths. The leaf base had no reddish
mottling. It was pinkish. The specimen did not grow
well in cultivation, Most of the cultivated samples died
after the first growing season.
Anthericum pubirhachis Bak»—  \

Only one population of A.pubirhachis was sampled about
one kilometre to Jengre on Zaria-Jos Road. The population
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was found just a few metres froin the main road* The soi 1 was dry 

and cakey. The speciinen was stuiioed and found among short grasses 

like Heteropogon and Se taria species. The mottling of the lea f base 

was not observable in the f ie ld .

They qrew w e l l  in cnltivation. The leaf bases 
had reddish mottling or reddiah stripes. A short compressed

Äpseudostem* v<\s_ formod. The specimen represen tativeö flowered in 

cu ltivation . The reddish mottling started to fade away as from

mid—June in anature leaves.

Chlorephytum alismifolium Bak.

Populations were sampled from two habitats. The f i r ö t  location 

was along a foot path to Yemoji Riyerf about one kilometre to the 

shrim ^ in H ase, fiv e  kilometres outside ijebu-Ode. The 

second site  was the outskirts of Ore fron Benin end of Ore -  Benin 

Road. These area3 are in the forest zone, and the samples were 

collected  from shaded areas.

_C. alismifolium has short compressed 1 pseudostem*. They 

have lcng sheatlhing p e t io l e S  and la n c e o la t e  le a v e s .

I t  has been observed thatjC. alismifolium is  a shade loving 

plant and needed high relative humidity. The spocimens planted 

in pots and placed in the green house were stunted with small leaves. 

On the other hand, those potted and placed under tree ahade in 

the nursery grew well and were bigger # The specirnens
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had shorter petio les  in cultivn tion.

Chloro phytum ble pha ro phy1.11 im

Populations were sampled from different areas in the northern 

parts of the country0 A popuiation of thiu species was found on 

the le f t  side of the road, just about ten kiloraetres from Jebba 

bridge on Jebba -  Mokwa Road. 0 thers were found in Ahmadu Bello 

University Research Station s ite f Mokwa, along 'äukuru -  Wamba 

Road about two kilometre to Grimi, and on the outskirts of Fadan 

Ayu. The Vegetation of those areas has been disturbed in one 

form or the othor, but ii; could be referred to as a derived 

Savanna or woodland Savanna* The common trees are species of 

Ficus« Parkia, Cussonia and Combre tum while Andropogon, Pennisetum 

and Hyperrhenia species are the common grasses.

The leaves of the species were lanceolate and c r c c t ;  

tlie lamina was hairy and w ith  c i l i a t e  m arg in . The apex was 

sharply acuminate, the lea f base was not mottled, but ensheathing. 

The species had roundish 1 pseudostem1 formed by lea f sheaths.

Dry hairy structur^s arose from the short stem.

Under cu ltivation , i t  was observed that the ex ten t of 

hairiness o f the lea f surface reduced and the dry hairy structures 

from the stem disappeared. Some of the specimens lost the 

formation of 1 pseudostems1 especia lly  after co lle ctin g  their
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root-tip s  fo r  m itotic study. However, the leaves were s t i l l  erect.
i

The root tubers were less developed during rainy season and many 

roots had none whereas almost a l l  roots had root tubers in the dry 

seascn in their natural habitats.

Chlorophytum laxum R. Br,

Specimsns were collected  along Zaria -  Jos New Road about 

2 kilometres to Soba. They were growing among grasses of Heteropogon. 

Paspalum and Perotis species. Some scanty Comb re tum shrüb species 

were also in the neighbourhood. The lea f was leathery with short 

petiole , There was not much difference in the species a fter  

cu ltivation , However, the leathery lea f became f l e s h y  änd s u c c u le n t  

and defin ite  petioles were developed. A compressed short 

•pseudostem* developed in cultivation  whrle the leaves just spread 

out in  i t s  natural habitat.

Chlorophytum inomatum. ICer -  Gawl.

Two populations were sampled. A population in the Botanical 

Garden, Ibadan ,grew on marshy s o ll  among banana trees, The other 

population was sampled along a foot path on the outskirts of Jebba 

from I lo r in , The population was growing on marshy bank of a stream.

The leaves, which are petio late , spread out just above the 

s o il leve l, The inner lower part of the lea f petiole was pinkish.
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In cu ltivation , no morphological Variation was observed. 

However, by r e g u lä r  w a te r in g , th e  f l o w e r in  p e r io d  was 

P ro lo n g e d  in  c u l t i v a t i o n  than in  t h e i r  n a tu ra l h a b i t a t .

Chloro-RhYtum macjrojph yl lua. ( a . Rieh.) Aachens.

Cultivated specimens were collected by me from a population 

along Oyo -  Iseyin Road and at the Onigambari, opposite the 

Federal Forestry Reserve along Ijebu-Ode -  Ibadan Road. These 

areas are secondary forests  showing past disturbances. Other 

samples were collected  from the North around Wushishi on Tegina 

-  Bida Road, and between Wamba and Akwanga, about fifteen  kilometres 

to Akwanga. One Chlorophytum stand was collected on the outskirts 

o f Naraguta from Jos, on Jos -  Bauchi Road. I t  was fcund among 

grasses.

In cultivation , there were no observable morphological changes. 

However, the specimen collected  at Naraguta did not flower in time 

though i t  grew luxuriantly and propagated vegetatively. This 

specimen had been confirmed as _C. macrophy lL-jm. When some of i t s  

representatives were subjected to dry condition, ( that i s ,  by 

wetting them once in a week) they flowered and formed few fru its .

Chlorophytum stenopetalum. Bak.

Populations were sampled from Eucalyptus plantation twenty- 

four kilometres to Kaduna from ehe South, around Mokwa, Samaru,
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Zun tu, Zungeru and Bukuru. They were usually found in  coo l, shaded 

areas especia lly  in the Eucalyptus plantation.

The specimens were petiolate; the leaves spread out from the 

base and the lamina was arching. The leaves per plant ränged 

from five  to eight, but usually six or seven. The roofcs usually 

had one median root tuber each.

A variety o f this species, confirmed to key out to

C. stenopetalum Bak.  ̂ has ten to twelve leaves. I t

was collected  about one hundred metres away from another population 

of Chlorophytum in Kaduna area, in an open habitat. The roots were 

long with rows of alteroating and oppositely arranged small root 

tübers. This taxon is  here referred to as C_. stenopetalum I I ,  fcr  

the purpose of reference.

The root morphology of the w o taxa (_C, stenopetalum I and II ̂  

i s  of in terest. With a view to eliminating any possible micro- 

climatio and/or s o il  Chemical in fluence, representatives of the 

two taxa were planted in the same big p lastic pots.

There were no observable changes in the morphological characters 

in G_. stenopetalum I . However, the leaves of C. stenopetalum II 

became fresher, more succulent and more developed. The root 

morphology in both taxa was maintained, thus i t  was not environ- 

mentally .. ia d u e e d .
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Jhlorophvtum to^oense. Engl.

£ . togoense is the most commonly distributed speciee in 

Nigeria according to data collected from herbarium specimens.

However, few Stands were collected on Mokwa -  Kainji Road in 1977. 

Populations were also sampled from Iseyin area.

There was no observable ecological adaptation. The species 

grew very well in cultivation. It flowers aluost throughout the 

year i f  watered regularly.

Chiprophytum X

A Ühlorophcytum specieB was collected from cultivation.

The collector is not known. Even though the present worker was 

conversunt with this plant in its  wild form, the known habitat had 

been destroyed.

This taion was formerly taken to be C. etatum ß. B r., a native 

of South Africa. The photograph of _C. ela tum presented by Storey 

(1968) is different morphologically from the present material. 

Moreover, £  ela tum occasiona'lly flowers in South Africa (Storey,

1968) while the present material flowers throughout the year and 

occasionally forms fruits with seeds. £ . elatua is a tetraploid 

with 2n = 28, 2n = 32 and 2n = 24 (ßeshpande, 1955b; Storey, 1968; 

and Koul, 1970). The material studied is a diploid with 2n = 16. The 

po; s ib ility  of a tetraploid becoming a diploid in cultivation is  

very doubtful.
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However, A. variegatum. Hort. A. vittatum. Hort. A. pieturatum 

Hort. A. w illiam sii Hort, are synonyms to £ . ela tum R. Br.. Hence 

the present material could be orte of these synonyms.

On the other hand, the material shows some features of 

A. b ich e t ii , H ort., a West Tropical African opecies (Bailey, 1947). 

Since the description is  very b r ie f, one is  not sure whether

i t  should be A. b ich e tii. The two taxa have f le x ib le , varigated 

leaves with white and elegant habit.

Because of the unsettled taxonomy of this taxon, i t  i s  

referred to as C.hlorophvtum X until i t s  identity  is  confirmed 

Kew.

RESÜLTS

i . Scological Survey;

Figure 1 shows map of Nigeria and the route3 followed 

during f ie ld  collections and ecological survey trips.

Figure II shows the ecologica l distribution o f Anthericum 

and Chlorophytum in Nigeria,

The distribution table for Anthericum and Chlorophytum

species in  Nigeria i s  presented as Appendix I .  

i i .  S oil Analysis;

Data from so il mechanical and Chemical analysis are p r e s e n t e d  

as Appendices 2_to 4.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



-  28 -

FigjRE I

Map of Nigeria showing areas covered du ring the fie ld  

surveys and Collection trips in sixteen States o f Nigeria.

_______ _ shows the routes followed during loca l trips

and f ir s t  long trip  to the Northern part o f  Nigeria. 

_ _ _ _ _ _  shows the route followed during the 1979 long trip .

/  or shows the direction o f  movement.

and shows that the same route was taken to and fro .

o o o a o o o o o o shows state boundary
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UTGURE II

Map of Nigeria showing the ecological distribution o f Anthericum 

and Chlorophytum species in  Nigeria. Arabic numbers and sign

are used fo r  Anthericum species. Leiters o f the alphabet are 

usea for Chlorophytum species.

The Anthericum species are:

1 , A. d a lz ie l i i ; 2 . jk. limosum; 3 . A. nigericum;

4 . A. nubicum; 5. A. pterocaulon; 6. A. pubirhachis:

7 . A. speciosum; 8 . A. subpetiolatum; 9. A. uyuiense; and A  A . zenkeri,

The species o f Chlorophytum are

A. C. alismifolium; B. jC. blepharophyllum; C. C_. caulescens 

(A. caulescens); )). beguaerti i ;  F. C. sparslf lorum,
G. C. geophilum S. C. aureum; L. laxum; M. jC. macrophyllum

N. £. inornatum; P. C. pusillum; Q. £ . gallabatense 

R. C, orchidastrum; S. C,. stenopetalum; T. ,C. togoense;

U. C. tuberosum; V. C_. phystachys

The towns are Ab. -  ABEOEUTA; Ib. -  IBADAN; La. -  LAGOS;

Ka. -  EAIXJNA; Za. -  ZAHIA: and P.H. -  PORT HARCCÜRT.
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E. MSCUSSIQN;

The ecologica l influences on Anthericum and Chlorophytum 

species has been reported by many authors (Obermeyer, 1962; Hanid, 

1974; Marais and R eilly , 1978). Thus a comparative ecologica l 

study has enabledone to find out which of the ecological factors 

readily a ffect  these plants. I t  has been observed that the 

ecolog ica l influences on these plants can be considered from two 

points of view:

i .  the environmental factors and 

i i .  the influence of so il  Chemical composition, which may 

a ffe c t  the ecolog ica l distributions of these plants.

MYMEanasa.ta3i Jüa&agaa es ;

Species of both genera show a morphological response to 

changes in  the environment» I t  i s  observed that shade, temperature 

and relative humidity a ffect the morphology of these plants.

The response, of C. alismifolium put und er tree shade, a few 

metres from the greenhouse and those in the greenhouse gives a 

good example. Those in the shade grew very well with relatively  

longer petio les and larger laminae. Those in the greenhouse had 

short petioles and smaller laminae. This can be due to the fact that 

■̂ hose in the shade had lower rate of transpiration because the 

area was cooler than the greenhouse. It  therexore means that
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those could a fford  to expose larger lea f surface area since the 

transpiration would be less , Those in the greenhouse needed to 

reduce their lea f surface area to cut down excess transpiration, 

Larger and more green lamina would result in higher production of 

carbohydrates through photosynthesis; thus more energy would be 

made available to plants in the shaded area, On the other hand, 

small lea f surface area of those in the greenhouse would result in 

comparatively low photosynthetic products and lower energy fo r  

vegetative growth. Thus they were stimted in growth, Tliis pheno- 

menon was also observed in _C. macrophyllum, _C. larum, R. inornatum 

a n d togoense. The openness or shadiness o f habitats had l i t t l e  

or no influence on Anthericum species. This could be closely  

related to their habitats which were usually open fie ld s  in the 

savanna zone,

The specimens in  the shade developed langer lea f petioles while 

those in the greenhouse developed shorter lea f petio les, _C. laxum 

collected from the open f ie ld  in the North had no definite and 

distinctive petiole in nature. In cultivation under the shade, the 

same specimen developed well defined and distinot lea f petioles,

The possible reason could be that the production of longer petiole 

in  the shaded area helped the specimens to display their leaves,

This w ill enable them to maximize the use o f the light penetrating
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through the shade for photosynthesis. Since the specimens in the 

open get even more than enough sunlight, the produetion of long 

petiole is  not neeessary. _C. a lisa ifo llum , C,. macrophyllum

stenopetalum and C, inoraatma show this eco log ica l adaptation<ai so#

The development of hairy structures or shining lea f surface is  a 

device to check excessive transpiration. This is  also an 

environmental adaptation. g.. caulescens and blepharophylluia 

collected from 'the North had hairy leaf surfaces. Then these specimens 

were cultivated in the Nursery, the hairy structures reduced greatly 

and eventually disappeared under sliade. Thus the possession of hairy 

lea f surface is  a means o f checking excess 'transpiration in an area 

where the supply of water i s  scarcely su ffic ien t. This adaptation 

was therefore found unnecessary when the water supply was su ffic ien t.

I t  has been observed that environmental ecolog ica l factors 

generally a ffect the size of leaves and the presence of hairs on the 

lea f surfaces,, Presence or absenoe of petiole  or relationship of 

petio le  to lea f blade is  a lso ’ eco log ica lly  influenced. Thus the 

use of any o f these characters for  taxononic purpose w ill eventually 

create taxononic problem which is  now a feature of th is complex. A 

specimen of _C, inornatum or _C, alismi folium with l i t t le  or no petiole 

may not be considered as the same species with one which has long, 

well developed p etio les . In the same way, a £ . blepharophylluia 

without hairy lea f surface may be considered as another species
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different from those with hairy lea f surfaee. There is  evidence 

in this complex where two or more taxon orale names have been given 

to representative specimens of the same taxon. Henee Obemeyer,

(1962) reduced fiv e  speeies of Chlorophytuia to synonyme. Hanid (1974) 

enlarged the representatives of C_. a ffin e  by adding nine speeies o f 

Anthericum and two speeies of Chlorophytum. Hepper (1968) also 

reduced twenty-four speeies of Anthericum in liest Tropical A frica 

to fourteen synonyms and f i f t y  speeies of Chlorophytum to twenty- 

one speeies.

I t  must be noted that the marginal c ilia tio n  in  C_. blepharophyllum 

is  not eco log ica lly  induced. The cultivated specimens continued to 

exhibit the marginal c ilia tion  of their leaves.

Soil physical composition and it s  Chemical contents have great 

influence on plants growing in i t .  Anthericum and Chlorophytum taxa 

show physiological responses to s o il  Chemical composition. Since 

the s o il  composition gives 110 clue to the problem at hand, the data 

are only presented in the Appendix.

However, s o il  magnesium concentration seems to influence the 

distribution of these plants. A„ limosum. pterocaulon II 

and A. pubirhachis have their s o il  Kg concentration ranging from

0.66me/l00g to 0.82me/l00g. On the other hand, Chlorophytum speeies
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are found in so il with re la tive ly  higher Mg concentration ranging 

from 1 ,24öe/1 00g to 3.51 d e /100g. I t  is  evident that Anthericum 

thrives well in so ils  with lese than 1,0me/l 00g Mg++ while low s o il  

Mg++ concentration ( i . e .  below 1.0me/l00g) Limits, at least in part, 

the growth of Chlorophytum.

Mg i s  an essential constituent of Chlorophyll. I t  i s  also 

involved in enzyraatic reactions (iruog, _et. _al, 1947) «
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CHAPTER 3 

M ORPHOLO QIGAL STUDIES

Morphological or phenotypic characters are the attributes o f  any 

organism which are commonly used in identifying the or&anism. They are 

nanifeatatione o f the interplay o f  genes, cytogenes, and the 

environmental factors. Hence no meaningful relationship can

be drawn between two species or genera without considering their 

phenotypic characters. Thus the morphological studies w ill enable one 

to deteimine distinguishing characters of each species which can be 

found useful fo r  hybridization and cytogenetic studies o f the two genera 

under consideration. This study can also be found useful in solving 

the taxonomic problems o f the group o f related genera in which Anthericum 

and Chiprophytum are included. To this end, the morphological characters 

o f the l©aves, roots, flo ra l parts and pollen grains were studied and 

analysed s ta t is t ica lly . The qualitative morphological characters were 

also investigated so as to find out whether such character(s) could be 

useful as diagnostic character(s) fo r  each species and/or genus. 

Morphological characters were defined from the lea f apex, ^eaf  • 

shape, lea f margin, type o f le a f base, colour o f  lea f base, type of 

shoot, 'ahape of ’ pseudosten;,,' location o f  the root tuber(s) location  

and shape o f peduncle, type o f inflorescence, colour o f  tepals and 

anthers. Other characters investigated were the colour and shape o f 

fru its , disposition o f  iepals at pollination and number o f  tepals.
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The wd.desl part o f  eich le a f  blade, usually around. the middle, 

was measured and recorded, in cm. against the length o f the lea f.

The mean value was determined. . .

The le a f index was calculated as the ratio o f length to the width

i .e .  Length
Width“

The number o f veins waS counted across the widest part o f the 

lea f blade with the aid o f X10 hand lens. The mid--rib was not counted. 

The number was recorded as usual.

The spacing of veins in each lea f was calculated as follow sj

Leaf  Width x 10 
No of veins + 2

where the added 2 represented the two marginal spaces. The vein spacing 

interval was recorded in millimetres. The mean value was calculated.

(b) Morpholpcfv . of.- Preserved Leaf.
Measnrements from herbarium specimens were taken across different 

habitats, stages o f developments and varieties o f each species.

Counting o f veins on leaves was equally randomly sampled. Specimens 

at the herbaria o f the TJniversity o f Ibadan, University o f I fe  and 

those at the Forest- ■ Research Institute of Nigeria, Ibadan were a l l  

investigated. However, data for  A. moniliforme was - • collected  from
only three individual representatives.
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0 Root Morphology

Root length, tuber length and tuber circumf erenco were measured, 

as previously outlined, and recorded fo r  each root in each specimen 

s tu d ie d .  Five to ten 1*00ts were handled in each specimen and a total 

o f  100 roots was handled in each species. The mean values were 

calculated and recorded. The number o f tuber(s) was recorded for each 

root.

i i . Ratio o f Root Tuber; Root Length

The ratio o f root tuber to the whole length o f each root was 

calculated by dividing the root tuber length by the length o f  the 

root. The quotient was multiplied by 100 and thus recorded as percentage. 

The mean for each species was calculated and recorded.

D Floral Morphology

The length o f at least twenty peduncles was taken for each species 

a fter  the fru its  had been developed or a fter flowering in such cases 

where fru its were not formed. This was because the peduncle should 

have reached its  maximum elongation after the fru its  had been fonned 

or a l l  flowers aborted. I t  was measured from the base to it s  peak.

The ränge and mean were found and recorded in centimetres.

The flora l parts were measured at flower anthesis. The tepals, 

stamens and p is t ils  were removed carefu lly  and their fu l l  lengths 

were measured. The ranges and means o f  each character for each species

were determined and recorded in millimetres
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Pollen Grains. The pollen grains were dusted on clean glass slides 

from dehisced anthers. A drop of 2fo acetocarmine stain was dropped 

and then carefully covered with clean coverslip. The pollen grains 

were then measured at x40 objective of a light microscope. A unit 

o f  the micrometre eyepiece graticule equalled 2.5  microns at this 

magnification. The micrometre units were then converted into microns. 

The ränge and mdan for the length and width (or diameters) were 

determined and recorded in microns.

The index o f each pollen was found by dividing the length by the 

width. The mean index and ränge were found and recorded.

E QUALITATIVE MOEPIIOLOGICAL CHARACTERS

Unlike the quantitative characters which were studied at plant 

maturity, qualitative characters were studied right from the germination 

o f seed or sprouling o f new shoot to the end o f  flowering or fru iting. 

This was done so as to cover the whole l i f e  cycle o f  each species in 

order to investigate whether any character(s) were due to stages o f 

development and/or seasonal variations. Reoords were kept for at least 

twenty representatives o f each species (escept A. pubirhachis) . These 

reeords were then used in compiling the qualitative characters as stated 

above.

The root structures for the plants were examined at d ifferent 

stages o f development. The location of the root tuber(s) and number 

per root were noted.
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General Observations

Wie plante in this complex have six tepal3; three large while 

the other three are relatively  smaller in width. A careful Observa­

tion o f the tepal arrangaaent reveals that most Chlorophytun species 

have the larger tepals in the outer whorl while the smaller ones 

are inside. In the species o f  Anthericum and Chlorophytum X, the 

smaller tepals are outside while the larger ones are in the inner 

whorl. These arrangements could have been a decisive separating 

f&ctor fo r  the two genera, but £. togoense has the two types o f 

arrangement.

The tepal disposition at the time of pollination  is  very in teres- 

ting. In A. limosum. A . pterocaulon. A. pubirhachis,

Chlo to phy tum X and £ . alismifolium. the tepals spread out to the 

base and later close  up after pollination . In  th e  o th e r  s p e c ie s  o f  

Chip ro phy tum, the flowers open and the tepals bend backwards to 

expose the whole p is t i l  and stamens during pollination . After 

pollination , the tepals close up again. That is , the open flower 

is  rtotate in Anthericum but ccjjnpanulate in Chlorophytum.
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RESULTS

The vegetative morphology of representatives of the speciss o f 

Antherieum and Chlorophytum investigated are presented in Plates I and II

Table 1 shows the lea f morphological data for ten Chlorophytum 

and three Antherieum taxa.

Table 2 contains some o f  the data collected  from preserved 

herbarium 3pecimens o f a l l  known species o f the two genera in Nigeria, 

so as to highlight the possible usefulness o f  le a f index and vein 

spacing intervals in these plants.

Talle 3 contain3 the root morphological data o f  ten Chlorophytum 

and three Antherieum taxa.

Table 4 shows data for  the reproductive shoot o f some representa­

tives o f both genera.

Table 5 gives the measurements o f the pollen grains in the plants 

handled.

Table 6 shows the summary o f the qualitative charactere fo r  some 

species o f the two genera found in Nigeria.
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FLAT'" I :

Photographs o f Anthericum speciea studied

A. A. limosum

B. A. pubirhaehis

C. A. pterocaulon
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PLATE II

Pho tographlfs o f Chlorophytum species studied;

A . Chlorophytum blepharophyllum

B . t? macrophyllum

C. ft Inornatum

D .
t» laxum

E . > ft stenopetalum I

F. ft stenopetalum II

G. ft to^roense

H . ft alismifolium

v K ft caulescens (a . caulescens)

ft Ghlorophytum X

Kote the root Systems in Chlorophytum stenopetalum I 

and II , their inflorescence and number of leaves.
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TA3LS 4

RBP7.0 DUCTI YB SFiOOT OP 30MB CHLOROFHYTUM AND ANTH3 JCUM SP3CI5S

G. blenharc -  C. m acro- C. ino r - G. laxum G. a ten o- cC. s te n o - C to^ro- ’ C;- ä l i s - C h loro - G. ca u le -  
sce_n3 A. 1 Inosins ' A. p te ro - A. tub i r -

phvllum phyllum na tum petalum I petalum I I ense m ifolium phytum X c au Ion

KO. 0B3.. 20 20 20 20 20 20 . - 20 20 20 20 20 2 0 10

FSXSCL3 (c a ) HANGS 2 7 .5 -4 1 .2 1 5 .0 -2 0 .0 2 1 .0 -3 1 .5 16 .0 -33 .0 6 .0 -8 .5 7 .2 -1 3 .0 3 0 .5 *7 6 .0 9 .8 -1 1 .0 1 0 .1 -1 2 .5 5 6 .0 -69 .5 6 0 .7 -7 6 .0 9 6 .2 - 1 1 C 5 0 - 8 0

KRAN 31.5 17.8 26.5 19.9 7 .5 10.9 61.7 10.3 11.75 61.3 6 7 .Q 108.3 72.5

L5NST3 0 ? NO. OBS. 100 100 1C0 100 J0O 100 100 100 100 100 100 100 100

TBPAL (ma) RA' 03 6 .0 -7 .0 7 .0 -8 .0 6 .5 -7 .5 5 .0 -6 .0 5 .5 -6 .0 5 .5 -6 .0 1 1 .0 -1 2 .0 5 .5 -6 .5 7 .5 -8 .0 1 2 .0 -12 .5 1 1 .0 -1 2 .0 1 0 .0 -11 .0 8 ,0 - 9 .0

K3AII 6 .8 7 .5 7 .0 5 .5 5 .75 5.75 11.5 6 .0  , 7 .6 7 12.2 11.5 10.5 8 .5

NO. OBS. 100 100 100 100 100 100 100 100 100 100 100 100 100
VIDTH OP 
TEFAL ( e s ) RANGS 2 .0 -3 .0 1 .5 -2 .0 1 .5 -2 .0 1 .5 -2 .0 1 .0 -2 .0 1 .0 -1 .5  ' 3 .0 -5 .0 1 .5 -2 .0 2 .5 -3 .0 1 .8 -2 .0 3 .0 -5 .0

4 .0
2 .0 -2 .5 3 .5 -5 .0

KEIN 2.25 1.75 1.75 1.75
\

1.5 1 .25 4 .0 1.75 2 .75 1.93 2.25 3 .8 3

TEFAL
Vr 33 23 25 32 26 22 35 29 36 15.82 35 21 45

KO. CBS. 100 100 100 100 100 100 100 100 100 100 100 ICO 100
LSNOTH C? 
FILAMENT (an) RINGS , 5 .0 -5 .5 5 .5 -6 .0 3 .0 -4 .5 4 .0 -4 .5 4 .5 -5 .0 6 .0 -7 .0 4 .5 -5 .0 4 .5 -5 .0 3 -  5 7 .0 -9 .0 4 .5 - 5 .0 5 .0 -5 .5 4 .0 -4 .5

KSAN 5.25 5.75 3.86 4 .15  ' 4 .7 5 6.21 4 .7 5 4 .75 4 .0 5 8 .0 4 .75 5.25 4 .2 5 '

1ENG7H 0 ? NC• OBS• 100 100 100 • 100 100 100 100 100 100 100 100 100 100

AE TEER (am. ) RANGS 2 .0 -2 .5 2 .0 -2 .5 1 .0 -1 .5 1 .0 -2 .0 1 .5 -2 .0 1 .5 -2 .0 1 .5 -2 .0 1 .5 -2 .0  v 2 .5 -3 .0 1 .5 -2 .5 4 .0 -5 .0 4 .G »6 .0 2 .5 -3 .5

NE A1T 2.25 2.25 1 .43 1 .6 1 .9 1.65 1.65 1.55 2 .6 4 2.24 4 .5 5 .0 3 .0

X£AN LENGTH 0? STAMSN 6.38 6,88 4 .48 4 .95 5 .7  . 7 .04 5 .58 5 .53 5 .37 9 .12 7 .0 0 7.75 5 .75

LSNOTH 0 ? 
STILS ( e s . )

NO. OBS. 50 50 5° 50 50 j 50 50 50 50 50 50 50 20

RANG 4 .0 -5 .0 7 - 9 3 .0 -4 .0 3 .0 -3 .5 5 .0 -5 .5 6 (0 -7 .5 4 .0 ,-5 .5 4 .0 -4 .5 5 .0 -6 .0 7 - 9 11 -  13 8 - 1 1 6 .5  -  8 .0

k e a ; 4 .6 8 .2 3 .63 3.21 4 .7 5 •6.5 5 .0 4 .1 2 5 .8 7 .89 12.5 $ .0 7 .0

C? ITC. CBS. 50 50 / 50 50 50 50
I

50 50 5p 50 50 50 20

07AHY (mm.) RANGS 1 .5 -2 .0 2 .0 -3 1 .5 -2 .0 1 .0 -1 .5 1 .0 -2 .0 1.9 -  2 .0 2 .0 -3 .0 1 .0 -1 .5 1 .5 -2 .0 1 .5 -3 .0 2 .0 -3 .5 2 .0 -2 .5 2 .0 -2 .5  f

KRAN 1.96 2 .25 "  T .88 1.15 1.55 1.8 2.45 1.1 1.62 2 .4 2 .5 2.15 -  1
FlSTIL KE.IN LEE7EL5T 6.56 10.45 5.51 4 .3 6 6 .3 8 .3 7.45 5 .22 7 .4 2 10.29 15 11.15 ?• ’ ... |
<  0 ?  STAKEN: FISTIL 57.26 65.84 81.31 113.53 90.48 8 4 .82 74.90 105.94 72.37 68.63 46.67 69.51 53.19 j

< C? AN TH ER: ? !  LATENT 42.86 39.13 37.05 38.55 4 0 .0 26.57 34.74 32.63 65.19 28.0 94.74 95.24 70.59 |

o ?  C7E2Y: STILS 42.61 27.44 51.79 35.83 32.63 27.69 49.0 . 26.70 27.93 30.42 20 .0 23.89 - i E 3  |
| 55 0 ?  JUJTEEH: STILE 48.91 , 27.44 39.39 49.84 40.0 25.38 33.0 3 7 .6 ? 45.52 28.39 36.0 55.56 42.86  j
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TABLS 6

(XTAIITATIVS KORPHOLOGY OF SONS NIGERIA!? 5PECIE3 OF CHLORCTUYHTK AND ANTHSRIUM

CHA2ACT3HS

pj
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01
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0*1
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<1

1
§

1
•El
**1

©rs0
1

L3A? APEX Acuminate Acuminate Acuminate Acuminate Acuminate Acuminate Acuminate Acuminate Acuminate Acuminate Acuminate Acuminate Acuminate

LSA? 3HAPS L anceolate L anceolate L anceolate L inear-.__
Lanceolate L an ceo la te  L anceolate L anceolate  L a n ceola te L in ea r-

L anceolate L anceola te L in ear L in ea r L inear

KARGIN C il ia t e S n tire S n tire
\

S n tir e S ntire S n tire S n tire S ntire S ntire
White S n tire S n tire S n tire S n tire

TYPS C? L2A? 2ASS P e t io la te P e t io la t e P e t io la te P e t io la te P e t io la te P e t io la te P e t io la te Sheathed Sheathed Sheathed Sheathed Sheathed Sheathed

LOCATION 0 ?  INFLCPJ5SCSNCE C entral C entra l A x il
C entra l

C entral C entral C entra l Central C entral C entral Cent ra l C entral C entral C entral

COIOUR 0 ?  TSPAi Brown White Green W hite White White Green White White Brown White White White

COLGUR 0 ?  ANTHSR Yellow Y ellow Yellow Y ellow Y ellow Yellow Yellow W hite White Yellovf Y ellow Yellow Brown

C0LCU3 0 ?  LSA? BASS Green Green Pinkish Green Green Green Green Green Green Green Pink Pink Red
K ottled

LOCATION 0 ?  SCCT HJBER(S) Median A ltern ate D is ta l ^ Proxim al Median A ltern ate D is ta l D is ta l Proximal Kone Kedian D ista l D is ta l

TYPS C? E7510R23CSKC2 
S Q

Raceme Raeeme Raceme Raceme Raceme Raceme P an ieie Raceme Raceme P a n ic le P an icle P a n ic le P an icle
TOTAL DISPC’SIT 10!? 
AT rCLLINATION

3ent
Backward

Eent
Backvrard

Bent 
Back ward Spread out Bent

Backward
Bent •' 
Backward

Bent
Back ward

Spread
out

Spread
out

Bent
Backward

Spread
out

Spread
ou t

Spread
out

TL?AL ARRANGEMENT Large 
P e ta ls  in  
Outer part

Large 
P e ta ls  in  
Cuter part

Large Large 
P.etals_ in  P eta ls  in  
Outer part Outer part

'Large 
P e ta ls  in  
Outer part

t
Largö 
P eta ls  in  
Outer part

Large 
P eta ls  in  
Outer part

Large 
P eta ls  in  
Outer part

Small 
P e ta ls  in  
Outer part

Large 
P eta ls  in  
Öuter part

Small 
P e ta ls  in  
Outer part

Small 
F eta ls  in  
Guter part“

Small 
F eta ls  in  
Outer part

m i r  3HAPS Deeply
Lobed

D eeply
-Lobed

Deeply
Lobed

S hallow ly
Lobed

Deeply
Lobed

Deeply
Lobed

Deeply
Lobed

Deeply
Lobed

Deeply 
Lobed

Shallow ly
Lobed

S hallow ly
Lobed

S hallow ly
Lobed

S hallow ly
Lobed

SHAPD 0 ?  PSDCKSL2 C ircu la r C ir cu la r : C ircu la r C ir cu la r C ir cu la r C ircu la r C ir cu la r C ir cu la r C ir cu la r C ir cu la r P la ttened Plattened P la ttened

SRaPS 0 ?  F5SUX3TSK C ir cu la r - - P la tten ed - - C ircu la r P la tten ed Plattened C ir cu la r P lattened P la tten ed P lattened

l
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DISCUS&ION
-  50 -

The morphological studies on the th ree  taxa o f Anthericum and ten  

taxa o f Chlorophytum reveal much overlappings and sim ila rities . Data 

collected  from ten species o f Anthericum and fifte e n  species o f  

Chlorophytum from herbarium specimen3 equally confirm the sim ilarities 

o f the two genera.

Data in Table 1 reveal the overlapping o f the lea f length^ lea f 

widths, number of veins per le a f and number o f  leaves per plant.

These overlapping characters can not be very useful as dist inguishlng 

characters for ' genetic studies. The type o f le a f margin is 

common to the two genera except blepharophyllum whidh lias c ilia ted  

margin and Chloro phytum X with hyaline margin. The vein spacing 

intervals across the lea f blade and even the le a f index can be used 

to separate the two genera.

The lea f index o f the taxa divide them into three groups. The 

f i r s t  group is  rnade up of taxa with their lea f indices above 20 

( i . e .  Group a) .  The Intermediate group ( i . e .  Group B) is  made up 

o f  plant3 having their lea f indices between 10 and 20. Ghereas, 

the third group (Group C) consists o f  taxa having lea f indices 

below 10. Using Tables 1 and 2 ( i . e .  data from both fresh and 

herbarium speeimens), the taxa in this complex can be separated

as follow s:
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Group A plants: A. dal z i e l l i ;  A. limosum; A. higericum; A. nubicum;

A. pterocaulon, A* pubirhacbis, A. specioua;

A. nyuiense, and A. moniliform e.

Group B plant 3 ares Chlorophytum X, CJ. bequaertii, £. lax um, and 

£• b 1 e pha ro phyl lum.

Group C plante are : CA alismifolium , gallabatenset CA geophilum,

C. momatum. G. macro phyl lum ;G. orchidastrum,

C. sparsif lorumg CA stenopetalum II and II .C. togoense •

CA Q-ureum, CA tuberosum, CA caulescens (A. caulescens) ;

A. s ub pe t i o lat um.» C. laxum and CA blepharophyllum .

The double grouping of CA .laxum and CA b 1 e pha ro phyl lum can be 

considered from two points o f  view. Data from fresh specimena place 

the two species in group C. while data from preserved 3pccimens 

place them in group B (see Tables 1 and 2 respeotively). The varieties 

dealt with in the three herbaria were in v a r io u s  stages o f  development anc 

sizes, while the cultivated specimens were almost o f the sarae variety 

and stage o f development. I t  is  therefore reasonable that the grouping 

should vary in the two tables, The second possible reason is  that 

the herbarium specimens shrink more breadthr-wise than lengthwise 

because the mid-ribs and veins normally check longitudinol reduction 

in size as a reuult o f drying, This then results in incroased indices

- 51 -
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-  52 -

■in the spocies since the widths are relatively  more reduced.

These plants are a l l  affected by one or both reasons given 

above. However, it  is  interesting to note that the grouping in 

88% is  the same. This thus means that the lea f index is  a reliable 

dividing character for this group o f plants. Using this criterion  

places a ll  the Anthericum speeies in Group A except A. subpetiolatum.

On the other hand, a l l  the Chlorophsctuin speeies with C  ̂ caulescens 

( i . e .  A. caulescens) and A. subpetiolatum are placed in Group C.

(except Chloi’ophytum X and C.. bequ aettii). Though, this criterion  can 

not be taken as su ffic ien t at the moment for transferring speeies 

from one genus to the other, i t  could reinforce other criter ia .

A careful examination o f vein spacing intervals (VSl) presented 

in the 13th column o f Table 1 and in the 11 th vertica l column of 

Table 2 shows two groupings o f che plants in the complex. Group A 

is made up of plants having their VSI less  than 0.5 mm., and Group B 

plants have their V SI from 0.5 and above.

Group A plants are A. d a lz ie l i i . A. l imosum. A. nubi cum. A. niaericum.

A. pterocaulon A. pubirhachis . A. specious. A. uyuien3e , 

A. moniliforme, Chip rophytum X. ancj laxumUNIV
ERSITY
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txj.'o-.j-p ■r i)ian+« 0. aureum. C_. beguartii. C_. alismifolium .

C_. blepharophyllum. C.„ geophilum C. gallabatense.

C. inornatum. Ĉ> togoense. C. macrophvllum.

C. orchidastrura . C_. sparsiflorum. C . stenopetalum I  &  I I  

C. tuberosum. C!* caulescens (A. caulescens) and

A.subpetiolatum .

The gnouping by the vein spacing intervals agrees with that o f 

the le a f mndex. Thus the use of these cr iter ia  is  somehow complernentaiy 

and objective. The positions o f the intennediates and the species o f 

Anthericum grouped along with the Chlorophytum species s t i l l  need further 

investigations.

The. root quantitative morphology presented in Table 3 simply
are

shows that Anthericum and Chlorophytum genera/close relatives. There 

are many overlappings. Hence the usefulness o f these root morphological 

characters for cytogenetic study and taxonomic Separation is  limited.

However, qualitative properties o f  the root types (see Table 6) 

in the two genera, reveal three main root types. They are:

Type I plants have altem ating -  oppositely arranged root-tubers.

Taxa in this group are _C. stenopetalum II  and C_. macrophyllum 

Type II  are plants with one or two root tubers per root. This type

can further be divided into three sectionss

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



UNIV
ERSITY

 O
F I

BADAN LI
BRARY 



- 55 -

Group II plants have their me an an t her lengths less  than

2.5 millimetres. Taxa in this group are C_. alismifolium,
C,. blepharophyllum. Ch inomatum. C. laxum. Ch macrophyllum.

C_. stenopetalum I and II, C,. togoense and C,. caulescens.

The percentage o f anther as a ratio of the filament (aERP) 

also' divides the plants into two groups:

Group I is made up o f plants having their anther; filament ratio

percentage above 5Q5. Plants in this group are ghinrophytum X 

and the Anthericum species.

Group II plants have their anther; filament ratio percentage below

50$» These are „the remaifting Chlorophytum species.
The use o f the anther; filament ratio percentage as a criterion

A
helps to • solve the intermediate position o f Chlorophy tum X under the 

mean anther length grouping. In the la tte r , its  value, which is  2.5 mm. 

forms the upper lim it o f Chlorophytum and the lower lim it o f Anthericum 

species. The use o f AFRP decisiveiy  places Chlorophytum X along with 

the Anthericum species. Its  AFEP value of is above 50?°, the low er  

lim it o f  Anthericum.

I t  may be necessary to point out here that the grouping, resulting 

from the use o f the mean anther len& un and AFRP values agree with that 

of lea f index and V31 groupings stated earlier.
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The pellen grain morphologi an 1 data as presented in Table 5 

only eonfinn the closeness o f 'ehe two genera* The iudex fo r  each 

taxon, whioh shows the shape of the peilen grains, overlaps. Honce 

this has limited use fo r  the moment. It may be neceasniy to place 

it  on record that some o ily  droplets were observed in (J. laxum pollen 

grains. This is not found in other 3pecies. However, more detailed 

investigations and studies are hoped fo r  in future Research work.

The qualitative characters fo r  the thirteen taxa o f Anthericum 

and Chiprophytum genera presented in Table 7 give further confirmation 

o f the relationships oxisting between the two genera* Most o f the 

characters show overlapping3, thus indicating tfyeir closeness. However,

the anther colour varies in intensity from yellow to brown in both 

genera, but Chic rophy tum X and jC. alismifolium have white anthers.

Colour of lea f base iS usually green in Chlorophytum species but 

those of Anthoricum species are pinLish. A. mbirhachis even has 

rediish mottling. The pseudostem in Anthericum species, Chlorophytum X,

Ch a lismifolium and (3. laxrjq is  flattened or compressed. The

pseudostem is circu lar in C* caulescens and other species o f  Chlorophytum

when present. The shape o f the pedusele show that A. limosum, A.pterccaalon

and A. pubirhachis have flattened and angled peduncles vrliile those o f

<C. canlescens and o th e r  taxa o f Clilorophytum are c ircu lar . The shape of

lea f fo r  Anther icum is linear while that of Chlorophytum species is lanceolate.
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0- poreviously grudua t£d microme ter eye piece" gra ticu le . One uni t of 

graticule equalled 10.0 microns at X 10 and 2.5 microns at X 40 

objectives. . The measurements were recorded in niarons« At least 

f i f t y  stomata and their neighbouring ce lls  were randomly selected 

from at least five  specimens of each speoics and so treuted* Mean 

values of tlie length and width of stomatal apparatus as well aa 

those of the neighbouring c e lls  were calculated*

i i .  Index for each stoma and neighbouring c e ll  was calculated 

individual ly .

i i i .  The number of stomata, using X 10 ob jective , was couated from

at least fiv e  specimens of each species. Twenty such counfcs were 

made for each species. The mean per f ie ld  of view of the microsco 

at X 1 0 objective at which one uni l of nicronexor graticu le e^uaxs 

1 o jxi. was calculated es follow s:

Area of a c irc le
Biameter of f ie ld  of view -  10.0 x 100 mm«

1000

Thus area of f ie ld  v iew
9

at X 10 objective
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The distribution of number of stomata per square millimetre

was calculated thus:

( x x 1) stomata /  sq. mm.
7

Where x is  the mean number of stomata per f ie la  of view 

y is  the calculated area of the f ie ld  of view 

= 0.785mm2 *
The product was approximated^to the nearest whole number. I t  was

then recorded as the number of stomata/sq. mm. for each species.

iv . The mean length of the stcciata was found as the ra tio  of the

mean length of the neighbouring ce lls  and the mean width. The

mean index of stomata was also determined as a ratio  of the mean

index of the neighbouring c e lls .

I f  the s'fcaEBta : Neighbouring ce lls  ratio = A;B

*8 io of stoma ta l ratio  = ( j_ x 100 )
A + B

The product i s  then put in  brackets a ,̂OT’G the ra tio . This is  done 

in Order to have the same basis of comparison,

B. ' L2AF ANATOMY;

Transverse sections were cut from fresh lea f by using Reichert 

sliding microtome. Leaves from seedlings, re la tive ly  mature plants, 

flowering plants and old fru iting  plants were a l l  sampled and 

examined in  each species. This was to ascertain whether any 

anatomical feature(s) or structure(s) were due to the leaf develop-

mental variations
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i i .  Leaf Anatorav of Dry S-peeixnens;

Leaf samples were taken from wide ränge of preserved specimens. 

The dry leaves were gently boiled and preserved for  forty-eight hours 

in  F.A.A. (aade up with 10mls of AOfo Poraaldehye; 5mls of 95$ ethyl 

a lchol; 5als o f g la cia l Acetic acid and 35mls of d is t ille d  water 

(Ayensu, 1972). Part of each treated lea f was cnbodded in paraffin 

wax and cut by using a Beck*s Rotary Microtome. The transverse 

sections crumbled. The freesing nicrotcsäe and even the Reichert 

slid ing microtome were used, but there was no better sectioning.

Other pretreatments of the preserved leaves were tried . Some 

leaves were soaked in warm water for  twenty-four hours before 

sectioning. Some leaves were only boiled , allowed to cool and 

sectioned without preservation. The sections cut crumbled, I t  is  

therefore not possible +o present transverse sections from preserved 

specimens.

C. ROOT AMTOMY;

Transverse sections from fresh roots were tried on the freezing 

• microtome as well as the Reichert slid ing microtome but the sections 

crumbled. However, hand sectioning was done with sharp razor, Fairly 

thin transverse sections were cut in 7C$ ethyl alcohol; stained with 

alcoholic safranin, dehydrated in absolute ethyl alcohol and mounted 

in Canada Balsam for permanent preparation.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



~ 62 ~

D. HiOTOGIUPHY:

Leaf epidermal c e lls , transverso sections of leaves and root 

were photographed on the Carl Zeins phofconicroscojje at X4 and X10 

objectives* Kodak Punatomic ~X film  PX135 -  36 was used. A 

sequential record of each photographed specimen was kept as i t  was 

t allen.

Films were developed and printed on Agfa BN1 (5) papers. The 

filias and pictures were then labelled and. stored.

R E S P L I S

After a l l  examinitions, i t  was found that anatomioal structures 

were constant when the plants were at che flowering stages. This 

a lso formed a common basis of co;ip,rison.

The S t a t is t ic a l  analysis of the leaf epidermal data is

p r e s e n te d  in  T ah le  7.

Plate I II  shovs repräsentative photographs of the epidermal 

layers wliile others are shown in the Appendix 5#

The photographs shown ±n Plate: IV are che representatives 

of the lea f anatomy emphasizing the pattems of che epidermal c e lls  

at the lea f nargin; while others are shown in the A ppendix  6*

Repräsentative transverse 3ections of roots in both genora 

are presented in Plate V«
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Photographs o f lea f surface patterns in Anthericum and 

Chlorophytum complex.

A. Primitive lea f surface pattern as in C_. aliamifolium.

B. Chlororhytum X lea f surface pattem sh Otting a 

primitive pattem.

C. Qtypicai lea f surface pattern in Anthericum species. 

(ä . pubirhachis) .

D. Typical le a f surface pattem  in Chl«rophytum species 

(C. stenopetalum. I ).
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PLATE IV

Photographs of lea f margin section s; showing typical lea f 

margin anatomy in species o f Anthericum and Chip rophvtum;

A & B show typical le a f margin anatomy in Anthericum 3pecies 

(a - Js* limosum B. A.puhirhachis)

0 & D shows typical le a f margin anatomy in Chip i-ophy tum species

(C. £. blepharophyllum D. C,. stenopetalum II)
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PLATE V

Photographs o f root sections 

A. A. limosum

B. Am •pterocanlon

C. C. macrophylum

D. £ .  in o m a tum
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DISCUdoION

i liÄsLi&h&ji.

•*•• Nuaber of atomata per 3 qua re m illinetre  v&ries w ithin the spocimena

of the same species. The stomatal sise  va rie s even in  the saiue specimen 

depending on the position of the stoinata in  the leaf. These characters 

are not re liab le  for taxonomic purpose because they are infiuenced by 

environmental factors (Meidner and Mansfield, 196B; Kramer, 1969)#

The characters of stomatal length, width and index are not found u s e fu l  

ta x o n o m ic a lly  a s  both  tay a  o v e r la p  in  each o f  therrw A s can be

seen in  Table 7 the mean stomatal lengbh ränges from 33#25 um to 49.75 um 

fo r  Anthertcnm, while that o f Chloronhytum ränges from 33.75 um to

96.5 um. The mean width ränges are from 26.13 um to 40.9 um. (Anthericum) 

and from 29.83 um to 79.25 um. (Chlorophytum). A lso , the index ränges 

from 1.06 to 1.28 fo r  Antlierioun species and from 1.05 to 1.24 fo r  

Chlorophytum sp ecies .

The stomatal d iffe ren tia tion  i s  under genetic co n tro lf The s im ile - 

r i t ie s  o f stomatal structure in th is oomplex, seeras -to be  an i n d i c a t  ion  

o f  th e  c l o s e  g e r n e t i c a 1. r e l a t i o n s l b p  a;aong th e  eom pononf  t a x ^ .

n . Cellss

The mean length of the neighbpuring co lls  in  this complex 

overlaps; however, the mean width and mean index divide the taxa

in  the complex into  two
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The mean width of the neighbouring c e lls  in  Anthericum 

species i s  from 22.1 W  to 34.0 jum. The ränge for Chlorophytum 

species i s  from 52.64 jurn to 110.75 Jim ( excluding Chlorophytum X 

having 36.17 jum). Using the width of the neighbouring c e lls  as 

a criterion, the complex can be divided into two broad groups: 

Group A, being made up of taxa having the width of their 

neighbouring ce lls  le ss than 4-Ojtn while Group B plants have the irs 

above 40Jwn"

The index of the neighbouring c e lls  as presented in  Table 7, 

shows a ränge of 6.88 to 9.48 for Anthericum and 1,1 to 3.34 for 

Chlorophytum. Using index above 5.0 for taxa in  Group A and 

from 5.0 and below for those in  Group B, the grouping f a l l s  in 

line  with the one suggested above. The only exception, however, 

i s  that Chlorophytum X i s  transferred from Group A to Group B.

The double grouping of Chlorophytum X may probably be due to i t s  

possible evolutionary Position in the complex.

i i i .  The Ratio of Stomatal ApparatussNeighbouring G e lls ;

The percentage of mean length of stomata • mean length of 

neighbouring ce lls ,  in  Table 7, only shows continuity of the taxa 

in  the complex. The percentage of width; width ra tio  as can be 

seen in  column xx i of Table 7, separates the taxa into two 

groups. Group A plants are ^  5C$ ( a l l  Anthericum species)while
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The importance of the leaf surface rnatomv in solving
'V

taxonokic problems is now gaining raore credibility because it 
is known to be genetically controlled» Cutler (1972), working 
on leaf surface patterns of Aloe, Gasteria and Haworthia, 
concluded that the various leaf surface patterns are under 
genetic control and that environment plays very little, if anys 
part in determining the appearence of the leaf surface of 
members of the tribe Aloineae, to which his materials belong» 
The genetical control of the leaf surface pattern was further 
confirmed by the work of Cutler and Brandham (1977) by showing 
that the hybrid leaf surface anatorny was Intermediate between 
the two parents, as evidenced in the cross Aloe rauhii X Aloe 
dawei„ It may be suggested at this point that the leaf 
surface anatorny of C. alismifolium and Chlorophytum X probably 
are the most primitive patterns»
Leaf Anatorny»

There are intermediates in the vascular bundles of the 
plants in this complex» Hence no clear~cut division can be 
formed on these structures« A look at the anatorny of the 
leaf margin of the plants in this complex as presented in 
Plate IV, shows two clear-cut divisions» A» limosum, A„ 
pterocaulon, A t pubirhachis, A. uyuiense, Chlorophytum X 
and Co alismifolium form Group A» Their epidermal cells
surround the mesophyll cells at the leaf margin» Taxa in
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their
Group B have/leaf margin formed by tapering and reduction
in number of epidermal cell layers, terminating in one or two
epidermal cells» All the Chlorophytum species except

£ •  alismlfolium and Chlorophytum X form this group B„
Herat and Theobald (1977) employed vegetative anatomy and

morphology in resolving the tribe and genera complexity in
Gesneriaceae. Karlstrom (1978) employed observations on
differences of epidermal leaf structures in the species of
Strobilantheae and Petalidineae (Acanthaceae) to justify a
separate subtribe Petalidinae» In the same way, Pant and Basu
(1977) employed leaf anatomy to confirm the Separation of
Keteeria and Cathoya genera» In view of the above facts given
about taxa in Group A and B, it is hereby suggested that
Anthericum and Chlorophytum should remain as two separate genera
of Liliaceae» Group A taxa should thus be regarded as

Anthericum species while Group B taxa are Chlorophytum spcies»
The position of C» alismifolium, C „ laxum and Chlorophytum X

will be further examined later along with other criteria in 
Chapter 7»
y.*

Root Anatomy;
The root steles do not give clear and useful Information as 

regards the Separation of the two genera» They are structurall^ 
similar» The identical anatomical features in roots of 
Anthericum and Chlorophytuiy reported by Deshpande (1955a) and
Coetzee and Schijff (1969) is hereby supported (see Plate V)»
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The anatomical studies reveal similarities in stomatal 
apparatus, root steles and overlappings of other characters,, 
This suggests that the two genera have a common ancestor or 
one common parent whose characters they both retain and 
perpetuate« The leaf epidermal structures of C» alismifolium 
and Ch1orophytum X suggest that taxa in this complex might 
have arisen by natural hybridization. The epidermal anatomy 
structures in other species seem to be intermediate between 
those of C„ alismifolium and Chlorophytum X, For example, 
the leaf epidermal surface pattern in C. blepharophyllum is 
intermediate between those of C„ alismifolium and Chiorophytum 
X with C. alismifolium possibly being the maternal plant„
It is my belief that the evolutonary line in this complex 
diverged after the initial parental crosses to give rise to 
the present separate genera. Thus the two genera might have 
followed parallel lines of evolution, Their similarities thus 
confirrn that they both retain rnost of their ancestrial 
characters.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



-  73 -

CHAPTBR 5

ÜYTOLOQICAL SlUDIBS

The aims of the cytologicax studies were to e stabil sh the baslc 

chromosome number, confirm or reject chromosome numbers reported for 

aorne apecies and report new chromosome numbers ( i f  found) for some 

N igerian speciea of the coaplex. It was also aimed to study the 

Karyomorpholo-yy, mitotio and melotic chromosome behaviours with a 

view to helping incritical examination of the possible relationship 

and mode of evolution of the Karyotypes in the genera.

A MATERIALS AMD hBTHQSS

Mitotic studies were carried out on a ll the apecies investigated 

in this work, while meiotic studies were carried out on all but 

C. geophilua. nubicua and pterocaulon I ,

MITOTIC STUDIES

Toung root tipa were used for the aitotic studies. Samples of 

root tips were taken fron ten individual plants of each apecies 

except in nubicum where samples were taken from the only two 

individual plants available.

(i) Collection of Material for Karyotype study

Root tips collected, pre treated, fixed and preserved in the 

field during the 1979 fleld trips as well as from cultivated 

samples were investigated»
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The roots did not show evidence o f normal growth when le f t  in 

the lig h t . Apart from aqueous solution of p-dichlorobenzene, 

other pre-treatment drugs lik e  cC-raonobromonaphthalene, \°/0 

colchicine and 8-hydroxyquinoline were also tried . Even though 

a ll  the pre-treatment drugs gave some measure o f success, 

p-dichlorobenzene gave a more satisfactory  result and was easy 

to prepare. Hence i t  was used for  this work so as to give a 

common basis for comparison.

( i i i )  Fixation an d Preservation

After three hours, specimen tubes were taken out from the dark. 

The pre-treated t roots were then washed in running tap water for 

two minutes so as to wash o f f  the pre-treatment drug. Camoy's 

solution was prepared fresh (Darlington & La Cour, 1962), mixed 

just a few seconds before the roots were kept in the solution. 

The tubes were labelled and put in the deep freeze o f the 

refrigerator for at least twenty-four hours. The fixation  was 

necessaiy in Order to k i l l  the c e lls  and arrest the nuclear 

a c t iv it ie s  while storage in the refrigerator encouraged proper 

staining o f the chromosomes.UNIV
ERSITY
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period o f hydrolysis was between 6 and 10 minutes depending 

on the thlckness or size o f the root. Hydrolysed roots wäre 

washed for two minutes in running tap water.

This method saved time and i t  worked for the material under 

investigation. The root caps readily f e i l  o f f  on their own during 

washing. Another point for thie method was that i t  did not depend 

on e le c tr ic  power supply, which was uaually irregulär as hydrolysis 

was at rooa temperature.

(v) Squashing

Washed and hydrolysed root tip  ( i , e . the meristematic part) 

was squashed in a drop o f  stain on a clean a llde. I t  was gently 

covered with a coverslip  saeared with a tiny speck o f  glycerine 

albumen and diled over a flaae o f  the ap irit lamp. The ce lls  readily 

spread out. The coverslip  was tapped gently with pointed needle to 

allow for even spreading o f  the c e lls  and their Chromosom es.

The ali de *as then examinod under the microscope to find out 

whether the ce lls  and their chromosomea were spread enough. 

tfhen the chromosomes were not spread enough, further gentle 

tapping o f the slid e  was done. Stains used for this work were 

1?» Aceto orcein (Harenah sind Holden, 1967) and 2% Acetocarmine 

Solutions. Slides meant for further studies were sealed up at the 

edges witn nail varnish and kept in the refrigerator. Slides
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with this treatment usually lasted for five  to eight days 

without being sp o ilt . Moreover, the chromosomes stained better 

under thi3 condition.

(v i )  Permanent Preparations

Good preparations were made into permanent slides as follow s:

Two or three comers o f  the coverslip were marked with a diamond 

pencil. Slide was placed in 45̂ > acetic acid in a slide tray 

with the coverslip  downwards. After the coverslip had fa llen  

o f f ,  the slide was transferred into 1 :1  acetic acid : butanol'.(by 

volume)for 10 to 15 seconds. The slid e  was then removed and 

dehydrated in absolute butanol for two minutes. The slid e  and 

coverslip  were placed on clean f i l t e r  paper with their faces 

upwards to allow them dry. A drop o f Canada Balsam in xylene 

(a mountant) was put on the dry coverslip . The slid e  was then 

placed properly, setting the marking on the coverslip  and then 

pressed s ligh tly . I t  was then turned fa c e  up and a llo w e d  t o  

dry. The slides were labelled and kept in plastic slide trays 

fo r  future use.

(v i i )  Chromosome counts ■

Chromosomes were counted in at least ten representatives o f  each 

species (except in A. nubicum. C. geophilum and .4. pterocaulon i ) .
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( ix )  Pho tography

Well apread chnomosomes o f intact c e lls  at metaphase stage were

photographed immediately with the Carl Zeiss jfajtomicroscope at

x40 ob jective . Kodak Panatomic -x Px 32 ä3A/17 Din 3$ nm.films

were used, The best time o f exposure was found to be between

5 seconda and 10 seconds depending on the ligh t intensity and

how deeply the chromoaomes were atained. I t  was found that

preparations le f t  ovem i^it gave better pictures at No IV on

the light control board o f the photomicroscope for 8 seconds

exposure. The films were developed in D196 doveloper. Printing
cwas done on Ernst Leitz GMBH Wetzlar Focomat 11 Enlarger. The 

films and photographs were labelled and atored.

(x ) Id io,'Trams

The mean chromoaome lengths were used fo r  drawin& the idiograms.

B .  MEIOTIC STUDIE3

Meiotic 3tudies were made ao aa to confirm the chromosome numbers 

eatablished by m itotic 3tudiea and to investigate the homology and 

pairing patterns o f  the chromosomes. These studies could be found 

useful in elucidating the evolution o f  the chromosome complements in 

the complex. An a ttem p t was a l s o  maded t o  a s s e s s  th e  p o s s ib l e  

in c id e n c e  o f  chrom osom al i r r e g u l a r i t i e s ; in v e r s i o n s ,  t r a n s -  

l o c a t i o n s ,  d u p l i c a t io n s  a n d /o r  d e l e t i o n s  in  th e  com p lex .
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( i )  Choice of material

Anthers o f young flower buds were uaed because they could be 

ohtained easily . The abundant pollen mother ce lla  (PMC.) in 

the aix anthera found in oach flower made the anthers better 

material for meiotic studiea than the ovules which were d i f f ic u lt  

to reach and re la tively  very few in number. Good meiotic stages 

wer« usually found in young flower buds when they were s t i l l  

green. However, random tr ia ls  o f  d ifferent atages o f  flower buds 

usually gave good resu lt, since the meiotic a ctiv ity  

dependson speoies and time o f C ollection .

( i i )  C ollection o f  material

Flower buds were co llected  from at least ten representatives for 

each species. Collections were made throughout the day. However, 

i t  was found that materials collected  between 8.00 a.m. and 12.00  noon 

usually gave good meiotic d ivision  stages. Specimens co llected  

in the aftem oon and evening usually had clumped chromosomes.

( i i i ) Fixation and Preservation

Flower buds o f different stages o f development were harvested 

and fixed immediately in freshly prepared C arnoy s o lu t io n  and 

preserved in a refrigeraitor for  at least twenty-four hours,

This is neeessary, so as to allow fo r  proper fix ing  o f  the 

c e lls  and the removal o f mucilage from  the a n th e r s .
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( iv )  Prenargtion o f  Meietic M aterials.

Jjlxed und preaerved flower buds were waßhed in running tap water. 

Hovrer buds were hydrolysed in 10> HCl for 5 minutea so that the 

pollen uiother ce lls  (PMC) would be softened to allow for easy 

spreading o f  the cbromoaomes. The flower bud was washed in 

running tap w .ter. The anthers were picked out fron the flower 

bud with clean pina and foreepa. Two or three anthers from each 

flower bud were aquashed in a drop o f  2/fc aceto-canaine on clean 

alide and covered with a clean coverslip . The preparation was 

sligfetly tapped and scanned under the microscope. Rirther tapping 

and irrigation  (with ataining s o l " . )  o f  preparations were done 

when found necessai’y . The proceas o f  permanent preparation given 

under mitoaia waa followed.

(v) Studios o f  Meiotic Behavioura

Bach meiotic preparation waa exhauatively scanned under a ligh t 

microscope at x40 ob jective . The behaviour o f  the chromosomes s t  

the propha3e stages; metaphaaea I and I I ,  anaphasea I and II and 

telophases I and II were carefully studied. The prophaae I stagea 

studied were Puchytene, Zygotene, Diplotene and Diakineais. These 

■tages were studied to find out the pattern o f  pairing, whether any 

o f the apparent forma were results o f  breakage and/or reunion o f

non-aister chromatids
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The metaphaae I chromosomes were counted so as to confirm the 

chromosome numbers established bymttiotio atudies. Metaphase II 
was exaxnined to find out any unequal Separation that migfat have 

occurred during the f ir s t  ahaPhase. Anaphasesl and II were 

studied to find out whether any of the s is te r  chromatids might 

be forming laggards, non-disjunctions and/or dicentric bridges.

Barly telophaseSl and II were investigated to note the probable 

' l e f t  out' chromosomes outside the daughter nuc'iei. The l ä t e  

telophasesl and II were also  examined toinvestigate the -presence of 
any ' m icro -n u cle i', number of daughter nuclei and th eir  

Separation.

(v i) Photography

Well spread diplotene, diakinesis or’ metaphase I chromosomes 

with defin ite  c e ll  walls were photographed as detailed fo r  

m itotic study.

(v i i )  Magnification

Mariced sp ec ific  chromosomes and ce lls  were measured at x 100 

objective o f  a light microscope in which one unit o f  micrometer 

g ra tic le  equalled one micron ^im). The measurement was recorded 

in microns. Ihe ce lls  and/or sp ecific  chromosomes were photo- 

graphed on Carl Zeiss Phase Contrast photomicroscope. The film  

was developed and printed at d ifferent elevations o f the
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(21 i)2

V » n ..

n -  1

where

x

n

means sum

M the value of v a r ia b le s .

" the number of v a r ia b le s .

2. Mean Variance was detemined as

1
n

1

n -  1

3» Standard Deviation

This was calculated by employing the formula:

3 y h 2 -  i £ d l

/ ----------------------------
^  n -  1

Student t -  teat

Popham and Sixvtnil-a’ s (1973) separate variance t model formula 

was used for calculating the t value.

where x is  the mean o f the variables

is  the variancejfhjund by squaxing the Standard d eviatio n )

n is the number o f  variables
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Homptfreneity o f  Variancea. F-test
2 2To test the hypothesis that (T -̂  a s:*iaP-*-e S ta tis tica l 

test, the F ratio , according to Popham and S ir o t n ik  (1 9 7 3 ) ,  

employed.

where

P = the value by which. variance homogeneity 

w ill be tested
2S = the greater (larger) simple variance 
&
2S,| = the leaser (sm aller) simple variance

(degree o f freedom is n -  1 for each o f the variances, 

that is ,two valuea were o h ta in e d ) .

RS'jULTS

A MITOTIC STODIES

The m itotic divisions were normal in almost a ll  the species o f 

both genera. However, endomitosis was observed in few ce lls  o f 

C_. stenopetalum I and in many ce lls  o f pubirhachis.

was

Karyotype Measurements

Chromosome measurements are presented in Tabl«s8 and 9. The 

haploid chromosome set is  presented for d ip loid  and tetraploid
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species. The basic chromosome number is used for the triploid 

species. The somatic chromosome numbers are also presented.

Summaxy of similar chromosome sets in the complex is presented in 

Table 10. They are grouped according to their r -  values and 

total lengths. Table 11shows the Statistical analysis of the 

C. stenopelalum complex.

Idiograms

Idiograms constructed with the mean chromosome lengths are presented 

in Figure III for Chlorophvtum and Anthericum species.

Fhotographs

Somatic chromosomes are presented in £lates VI and VII for 

Chiprophytum and Anthericum species respectively.

B MBIOTIC STODIBS

Except in Chlorophytum X, C_. aliamifolium and few cells of

C. caulescen3 and A. .pterocaulon II, meiotic division and chromosomal 

bphaviours were normal.

The frequency of chiasma formation at diakinesis is presented in 

Table 12. Type of chiasma formation in C. stenopetalum complex is 

presented in Table 13.

Photographs;

Photographs of meiötic cells are presented ih Plates VIII and IX. 

Irregularities in meiotic divisions and chromosomal behaviours 

at meiosis are presented in Plate X.
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TABLE 8

KARYOMORPHOLO GY OF TEN SPECIES OF CHLOROPHYTOM

SPECIES I II III IV V VI VII VII] IX X XI XII XIII XIV MEAN
m

C. bleoharo- C 10 9.5 8 8 8 7 7 7 6.5 6 6 5 5 5
ph-llum

1 6 7 6 5 4 5 4 4 4 3 5 3 2.5 4 7.0

s 4 2.5 2 3 4 2 3 3 2.5 3 1 2 2.5 1

r-v 1.5 2.8 3.0 1.7 1.0 2.5 1.3 1.3 1.8 1.0 5.0 1.5 1.0 4.0

3M 4m 5sm 2st loc m sm sm Sk M am m m sm N st m M st

C. ereoühilum C 0.5 9 9 8.5 8 8 7.5 7 7 7 7 6.5 6 3 7.43

1 6 6 5 6 5 4 5 4.5 4 4 4.5 4 3 1.5

s 4.5 3 4 2.5 3 4 2.5 2.5 3 3 2.5 2.5 3 1.5

r-v 1.3 2.0 1.3 2.4 1.7 1.0 2.0 1.8 1.3 1.3 1.8 1.6 1.0 1.0

3H 5m 6sm -st loc m sau m sm m M sm sm m m sm m M M

C. macrophy- C 10 9 9 8 8 7 7 7 7 6.5 6 6 5.5 4 7.14
llum

1 6 7 5 6 5 6 4 4 5 5 4 3 3 2

s 4 2 4 2 3 1 3 3 2 1.5 2 3 2.5 2

r-v 1.5 3.5 1.3 3.0 1.7 6.0 1.3 1.3 2.5 3.3 2.0 1.0 1.2 1.0

2M 5m 4sm 3st loc m st m sm m st m m sm st sm M m M

£. inomatum C 11 9.5 9 9 9 8 7 8.93

1 7 7 7 5 5 4 5

s 4 2.5 2 4 4 4 2

r-v 1.8 2.8 3.5 1.3 1.3 1.0 2.5

1M 2m 3sm Ist loc 3m sm st m m M sm
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TABLE 8 (CONTD.)

,r
I

—n r  n
i n n ri

\

I
: v

I---------
VI VII MEAN ] 

JJPl

C. inomatum c 11 9.5 9 9 9 8 7 8.93

I 7 7 7 5 5 4 5

S 4 2.5 2 4 4 4 2

r -v 1.8 2.8 3.5 1.3 1.3 1.0 2.5

1M 2m 3sm Ist loc sm sm st m m M sm

C. laxum e 11 9 8 7 7 6 6 7.71

i 7 5 5 5.5 4 4 3

s 4 4 3 1.5 3 2 3

r -v 1.8 1.3 1.7 3.7 1.3 2.0 1.0

1M 5n 2sm Ist loc sm m m st j mI sm M

C. stenopetalum I C 8 8 8 7 7 6 6 7.14

1 6 5 4 5 4 5 3
S 2 3 4 2 3 1 3

r -v 3.0. 1.7 1.0 2.5 1.3 5.0 WO

2M 2m 2sm Ist loc sm m M sm m st M
! C. stenopetalum IIj C 10 9 9 8.5 7.5 6 6 8.0
| i
| i 1 7 5 4.5 5 5.5 5 3
i 1 3 3 4 4.5 3.5 2 1 I 3

r -v 2.3 1.3 1.0 1.4 2.8 5.0
I

1.0

SM 2m 3sm -st loc sm m M m sm st M
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---------------------------------------1

I II III 17 V VI VII Iv i i i . MSAH
m

C. togoense C 9 8 8 8 8 7 5 7.57

(2n = 14) 1 5 6 6 5 4 5 2.5

S 4 2 2 3 4 2 2.5

r-v 1.3 2.0 3.0 1.7 1.0 2.5 1.0

2M 1m 4sm -st loc m sm sm sm M sm M

C. alismifolium C 8 7 7 6.5 6 6.0 5.5 5 6.38

(2n = 16) 1 5 5 4 4 5 3 3 3

s 3 2 3 2.5 1 3 2.5 2

r-v 1.7 2.5 1.3 1.6 5.0 1.0 1.2 1.5

1M 4m 2sm Ist loc sm sm t m st M m m

Chlarorhytum X C 8 8 8 7 7 6 6 5 6.88

(2n = 16) 1 5 5 4 6 4 4 4 2.5

s •3 3 4 1 3 2 2 2,5

r-v 1.7 1.7 1.0 6.0 1.3 2.0 2.0 1.0 i

2M 1m 4sm Ist loc sm sm M st m sm sm M

C. caulescens C 10 10 10 9 7 7 7 6 8.25

t\> & li 1 8 7 6 6 5 5 4 3

S 2 3 4 3 2 2 3 3

r-v 4.0 2.3 1.5 2.0 2.5 2.5 1.3 i 1.0I
1M 2m 4sm Ist loc st sm m sm sm sm m M
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TABLE 9

yOTYflMORPHOLOCT IN SK SPECIES OF ANTHERICUM

—
; I n III IV V VI VII..I VIII MEAN

UM

A. limosum C 8 8 7 7 7 6 6 4 6.63

(2 n sb 16) 1 6 . 5 6 5 4 4 3 3
s 2 3 1 2 3 2 3 1

r-v 3.0 1.7 6.0 2.5 1.3 2.0 1.0 3.0
1M 1m 5am Ist loc sm sm st sm m sm M sm

A. nubicum C 8 8 7 7 7 6.5 5. 4 6.56

(2n = 16) 1 6 5 6 5 4 4.5 2.5 3
s 2 3 1 2 3 2 2.5 1

r-v 3.0 1.7 6.0 2.5 1.3 2.3 1.0 3.0
1M 3n 4sm Ist loc sm m st sm m sm M sm

A. pterocaulon I C 9 8 7 6 6 5 5 5 6.38

(2n = 24) 1 5 5 5 5 4 4 3 2.5
s 4 3 . 2 1 2 2 ’2k-5

r-v 1.3 1.7 2.5 5.0 2.0 4.0 1*5 1.0
1K Jm 2m 2at loc D m sm st sm st m M

A. pterocaulon II C 8' 7 7 6 6 6 5 5 6.25

(2n = 16) 1 5 5 4 4 3 3.5 3 4
s 3 2 3 2 3 2.5 2 1

r-v 1.7 2.5 1.3 2.0 1.0 1.4 1.5 4.0
1M 4m 2sm Ist loc m sm m sm M m m st

A. mbirhachis C 7 6 5.5 5 5 4.5 4 4 5.13
1 3 4 4 3 2.5 2.5 3 3
s 2 2 1.5 2 2.5 2 1 1

r-v 2.5 2.0 2-7 1.5 1.0 1.7 3.0 3.0
IM 3n 5sm -s t loc sm sm sm m M m sm sm
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El SURE III

Idiograms o f aome species o f Chlorophytum and Anthericum

in Nigeria:

A. C. blepharophyllum

B. C. geothilum

C. C. macrophyllum

D. C. inomatum

E. C. laxum

P. C. atenoT>etalum I

G. C. atenopetalum II

H. C. togoense

J. C. aliaiaifolium

K. Chlorophytum X

L. C. caulescens (A. cauleacens)

M. A. limosum

N. A. nubicum

P. A. pterocaulon I

Q# A. pterocaulon II

R. A. pubirhachis
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PLATE XT:

Photograph^ showirg metapha3e somatic chromosomes 

ir  soiae species o f Chloroph.  ̂bum:

a C. b1eoharo ohyllum (2n = 28)

b C. geophilum (2n = 28)

c C. marcoohytura (2n = 28)

d £. inomatum (2n = 14)

e 0, laxum (2n = 14)

f C, stenopetalum I (2n = 14)

S C. stenopetalum II (2n = 14)

h £• togoense (2 n = 14)

j C. aligmifolium ( 2ii - 16)

k Chlorophytum X (2n = 16)

1 C. cauleacena (A. csaulescens)UNIV
ERSITY
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PLATE VII

Photographs showing Metaphase somatic chromoeomes in 

seine species o f Anthericua;

A o A. limosum (2n = 1 6)

•B- A. nubicum (2n = 16)

C '• A. pterocaulon I To
" 11

D « A. pterocaulon II (2n = 16)

E • • A. pubirhachis (2n = 16)
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PLATE VIII

Photographs showing meiotic bivalent formations in 

some species o f Chi pre phy tum;

A. C. blepharophy 1 lum

B. C. macrophyllum

C. G_. inornatum

D. C. lagum

E. £ . stenppetalum I 

F» C. stenepetalum II  

Gr. C. tpgeense

H. C. ali3iaifelium 

J. Chiprophytum X 

• £• caulespens (A. caulescens)K
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ELA TB IX

Photographs showing meiotic bivalent formations in 

fchese species of Anthericum;

A A.

B . A. -pterocaulon I

C . 4 . pubir-hachis
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One o f the medium-sized pairs hns the centromere in the sub bercainal 

region while the second m ir i s  metacentric. The mean chromosome 

length is  8.0 microns.

The meiotic complement (Plate V l l l f )  is  composed of seven 

bivalents wi th usually two chiasmata each. The mean frequency of 

chiasma forraation is  2.01. Four of the bivalents have their chiasmata 

at their d ista l ends. The meiotic d ivision  is  normal. However, 

anaphase bridges were observed at the anaphase I in 2̂  of the raeioticnlly 

dividing ce lls  ( Plate Z g )•

v i i i .  £ , togoense ( Plate Vlh) is  a d ip lo id . 2n = 14; composed of six 

long and one medium-sized pairs. The centromere is  in the submedian 

region in four long pairs, in the median region in one and at the 

median point in the sixth pair. The only medium-sized pair is  

metacentric. The mean chromosome length is  7.57 microns.

Meiotic complement ( Plate VTIIg) is  composed of seven bivalents 

with a mean chiasma frequency of 1,96 (fab le  12). The meiotic division 

i s  normal.

ix . _C. alismifolium (Plate V Ij) is  a d ip loid  2n = 16, composed of 

four long and four median-sized pairs. Two of the four long pairs: 

havo the centromere in the submedian region, while i t  i s  in the median 

region in the other two, The centromere i s  at the median point in one 

o f the medium-sized pair3, in the median region in two and in the 

subterminal region in the fourth pair, The mean chromosome length is  

6,38 microns.
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The meiotic complement ( Plate V lllh ) is  composed of eight 

bivalents. One of the bivalente has two d ista l chiasmata and 

thus forme a ‘ ring*. In over 7 of the pollen mother ce lls  

investigated, five  bivalents and two trivalent associations were 

commonly found (plate Xa). The association i s  between one bivalent 

and one univalent of a bivalent which does not pair, I t  is  

s p e c ifica lly  between a ‘ ring* bivalent ( i . o .  chromosorae v) and a 

•rod1 bivalent ( i . e ,  chromosome v i i ) .  Two excluded chromosoaes 

( Plate Xc) were found along the equatoftlal plane or by the sides 

in 6 Ofoof the pollen mother ce lls  investigated. I t  may be that the

associated univalent chromosoaes were those that were excluded. I t  

i s  possible that the associated univalent chromosomes were not 

properly attached to the spindle during the late metaphase stage, 

hence they were excluded at the anapk.se stage of division .

Two bivalents are of unequal sises (Plate Xb). This might 

have resulted from the loss ö f a chromosome segment in one of the 

pairs. The other p oss ib ility  i s  that there was a spontaneous 

translocation between one chromosome of the two bivalents which 

had now stabilised . This is  possibly what had happened, since each 

longer chromosome in both bivalents was having s a te llite .

x. Ohiotonhvtua x(Plate VIk) is  a d ip lo id , 2n = 16, composed of 

five  long and three medium -  sized pairs. One of the fiv e  long 

pairs i s  metacentric, two have the centromere in the submedian region,
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in the median region in one and in thu sub-terminal region in the 

f i f th  pair, One mediun-sized pair i s  metacentric while the other 

two have centromere in the submedian region. The mean chromosome 

length. is  6.88 microns.

There are irregu larities  in the moiotic divisions. ITon- 

formation o f middle lamella in itial(M Ll) plat-es at telophase I arid 

II i s  a commcn occurrenco (Plate Xd). There are eight bivalents 

(Plate V II I j) .  In 2 j f o o f  the pollen mother ce lls  obsexved, four 

groupings of chromosones were found. This is  made up of two 

hexavalents and two bivalents (Plate Xe). The anaphase stages were 

rarely observed.

x i, jC. caulescens (hak.) Marals & Reily (A, caulescens) Plate VI *  

is  a d ip loid , 2n = 16; composed o f seven long and one medium-sized 

pairs, Three of the long pairs have the centromere in the submedian 

region, in  the median region in onother three pairs while the seventh 

pair has i t s  centromere in the subterminal region. The nedium-sized 

pair i s  metacentric. There i3  a secondary constriction in 

chromosome I I . The mean chromosome length is  8.25 microns.

Meiotic division  is  normal in most cases ( Plate V llik }, show ing 

eight bivalents. However, few cases of anaphase bridgos were 

found. ( Plato X j) .
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x i i .  A. limosum (Plate Vllb) a diploid with 2n = 16, composed of 

five  long and three nedivun-sized pairs. The centromere is  in the 

submedian region in three pairs, in the median region in one and 

subterminal in the f i fth  long pair. Two of the medium-sized pairs 

have the centromere in the submedian region, while the third pair 

i s  metacentric, The mean chromosome length is  6.63 microns.

The meiotic division was normal, composed of eight bivalents 

(Plate IXtt). The frequency of chiasma formation (Table 12) is  1.98,

x i i i .  Am nubicum ( Plate VII fe) i s  a diploid with 2a = 16, with six  

long and two medium-sizsd pairs. Four of ehe six long pairs have 

their centromere in the submedian region, one in the median region, 

while the sixth pair.has i t s  own in the subterminal region. One of 

the two medium pairs i s  metacentric, while the other has i t s  own in 

the subtermina1 region. One of the two medium pairs is  metacentric, 

while the other has i t s  own in the submedian region, The mean 

chromosome length is  6.56 microns.

The plant did not flower before i t  died, hence meiotic 

investigation was not done.

xiv. A* Pterocaulon I (Plate V llt ) a tr ip lo id , 2n = 24 is  composed 

of four long and four medium-sized trivalents. Two o f the long 

trivalents have the centromere in submedian region, in  median region 

in one and in the subterminal region in the fourth. One of the
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DISCUSSIQN

Cytological results have been found useful in solving tajconomic 

Problems. The usefulness of cytology in unalysing the poasible 

relationsliips between Anihericum and Chloropbytua complex cannot 

therefore be ignored. The chromosome is a stable and definite 

speeies character as i t  has been found in other plante. Mithin 

the same spoßler,, indivisuals uaually have somatic and meiotic 

chromosomes of reasonably constant morphology (Marenah and Holden, 

1967). A3 can be seen in Tables 8 and 9, Plates 71, VII ., VIII 

and IX, each speeies has its own specific karyotype morphology, even 

though similarities exiat in the whole complex. The summary of 

similarities and specificity of the chromosomes in the complex 

(See Table 10) reveals that no two speeies have the same complement. 

The tetraploid compleaents do not show any evidence of direct 

doubling of their diploid relatives* Thus the tetraploids might 

have been allopolyploids.

The method used by measuring only chromosomes that were about 

2 yüm in thickness helps to have standardised raeasurements of the 

chromosomes. The means for indivisual chromosome lengths in each 

speeies and for each speeies, as presented in Tables 8 and 9, show 

that the Ghlorophvtum speeies have larger chromosomes than Anthericum. 

Taking C. alismifollum and Chlorophnrtum X as Intermediates, as 

suggested earlier, the mean chromosome length for Ghlorophvtum ranges 

frem 7.0yum to 8.S3yum., while those of Anthericum ränge froo 

3.13 um to 6.36 um. The mean value for
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