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ABSTRACT

Field surveys and investigations of representatives of Anthericum L.
and Chlorophytum Ker-Gawl. complex in Nigeria were carried out in their
natural habitats in at least sixteen states of the Nigerian Federation.
All herbarium specimens in the Forestry Research Institute, Ibadan
and in nine Nigerian Universities visited were examined (it any).

So far “$emn species of Anthericum and fifteen species of éhloropgyﬁgg
have been reported and collected in Nigeria. They were all studied
morphologically. Detailed ecological analyses “ineluding the chemical
composition of their soilk were carried outon three taxa of Anthericum
and ten taxa of Chrolophytum, Many living populations were sampled
from their different natural habitats in Nigeria. Their representa-
tives were cultivated in three loCations for experimental studies,

Data were co;lected on the morphology by conventional methods and
annlysed., Anatomical data were amassed from the leaf surface patterns
and the roots. Types of leaf margin anatomy were noted. Cytological
studies were carried out in five taxa of Anthericum and eleven taxa

of Chlorophytum, ‘There were inter-generic hybridization tests.

The use of loaf vein spacing interval and amther: filament
ratio as taxonomic criteria have been suggested and their usefulness
in the monocotyledon taxonomy, especially in Liliaceae, needed to

be further explored. The importance of leaf margin anatomy as a



taxonomic criterion

above species level was highlighted.

Chromosome counts for seven taxa were confirmed, viz:

C. blepharophyllum Schwinf. ex Bak,

If: | [ I [+

Q

C. togoense

New chromosome

C. geophilum Peter ex, v. Poelln,

C. stenopetalum I Bak.
. gtenopetalum II (sp. nov.)

laxum R. Br.

o inornatum Ker-Gawl.

C. macrophyllum (A. Rich.) .schers 2n = 28
2n = 28
2n = 14
2n = 14
2n = 14
2n = 14
Engl. 2n = 14
counts were recorded in:-
2n = 28
2n = 16

C. alismifolium Bak,

Chlorophytum X (related to C. elatum) 2n =16
C. caulescens (Bak.) Marais & Reilly

(formerly A. Caulescens Bak,) 2n = 16
A. limosum ,Bak, . 2n = 16
A. pteroesaulon I Welw. ex Bak- 2n = 24
A- Rterocaulon II " 2n = 16
A. fubicum Bak, 2n = 16
A. pubirhachis Bak, 2n = 16
A. uyuiense 2n =16

The possible evolution of chromosome numbers in the complex

has been postulated.

The possible chromosome evolution of the

complex based on the available data from this work and existing
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literature has been proposéd: Evidence was adduced to support the
susgweation that the possible basic chromosome mum%er in the complex
was X = 4, and that n = 8 was agsecondary~bnsic number. It has
also been contended that n = 7 and n = 6 evolved From a 'more
primitive n = 8,

Supplementary evidence in support of Marais amd Reilly's (1978)
transfer of A. caulescens from Anthericum intoChlorophytum as
C. caulescens was adduced. A form of €.stenopctalum has been elevated
to species level on account of its morphological, cytological and
genetic differences. A new taxonomic key has been proposed for the

separation of Anthericum and Chlorophytum.

The possible mode, of evolution of some Nigerian species

of Anthericum and Chlorophytum, based mainly on their leaf

surface patterns, has been proposed.



o

ACKNOVLEDGEMENTS

I wish to express my profound gratitude to my supervisors:
Professor M.3, Scott-Emuakpor and DPr 3.0. Oyewole, for their-sound
guidance and keen supervision of this work, I am particularly
grateful and thankful to Dr S.0. Oyewole, who had to ‘continue
supervising the later part of this work, despite Iis transfer of
service from University of Ibadan to University of Ilorin, for his
personal financial involvements, inconvenieinces,understanding and
for making his unpublished data available to me,

I am very grateful to Dr Joyce Iowe for her helyr in the taxonomic
aspect of this work and her kindness in reading through the draft
thesis. I quite appreciate her constructive criticisms and useful
suggestions. I am also grateful to all members of the academic
staff especially Professor S,0. Alasoadura, the Head of. Department,
and Dr A.0. Fajola for their kind gestures and encouragements during
the period of' this work. ’

I am grateful to all the technicians, and the administrative
staff«of /the Department of Botany, University of Ibadan, especially
Messers M.A. Oyebode: EB.i. Ogunduyilemi and Mrs Bimbo Aina for their
technical assistance. I am greatly indebted to the staff of the
Forestry Research Institute of Nipgeria, Ibadan for their cooperation.

My gratitude is also due to Mrs R.A., Azeez and Mr J, Iyiola of the



- vii -

Department of Agronomy, Universzity of Ibadan, for their technical
assistance when the soil chemical analysis was being done.

I am greatly indebted to the Department of Biologieal Sciences,
University of Ilorin, for the facilities made available to me during
this prograrme,

I am grateful to my sister, Arinola, and Mr A, Adesina for
their moral and financial support. I am particularly grateful
to my wife, Adebowale, my children: Omoniyi, Ademola, Adedola
Adetilola and 'Femisi, for their patience, endurance and
understanding.

I am grateful to lessers J.A. Ogunleye and J.0. Osasona for
typing and Dr V.4. &disa for proof reading the manuscripts. e

Finally, T wish to thank the Federal Government of Nigeria

for the award of a.bursary to carry out this programme.



- viij -

We certify that this work was carried out by Mr F.A. Adeyemi

in the Department of Botany, University of Ibadan.

1 S
P e 100

"‘\f\“\\ﬁ it
/

SUPERVISOR

M.B. Scott-Emuakpor,
B.Sc.(Lond,), Ph.D. (Contab.)
Professor in the :
Department of Botany,
University of Tbadan, Ibadan.

i

(;.";( !  enrs S

SUPERVISOR

S.0. Oyewole

B.Sc. (Ibadan) Ph.D. (Ibadan)
Senior Lecturer in the

Department of Biological Sciences
University of Ilorin, Ilorin.




e
DEDICATION

ABSTRACTS

e v e
e “ee o sae e .. e
e e e .o "o “-ee .-

ACKNOWLEDGMTS .- h LR . .. . ..

CERTITICATION BY SUPERVISORS oo vee “oe soe

TABLE OF CONTENTS 4o voa oo o vae oog

LIST OF PLATES

LIST OF TABLES

. “ra .. .o ... LN

LIST OF FIGURES AND APPENDIX ver voe N oo

CHAPTER

1. IntrOduCtion 8 it ERLY @ & Lo ¢ .

2. Material Collection and Habitat Study: ...

A.

B.
C.
D.

E.

Materials ..J. O vee oo oo
Collection.Trips ... - oo coo
Bcological Study method ... ase  «ss
Morphological and Ecological observations
Results Saa e TaE | gew e vos

Digcussion ... 5o aiia eisie SR

3. Morphological Studies .e. +.. e..
Method oo ese eee oo oo
General observation ces  ees eeo
Results oo oee ves e coe

Discussion alive PR — e,

ii
o 5
vi

viii

. &
xii

Xiii

10

13

27
30
35
36
40
41



CHAPTER
4.

5.

6.

Te

REFERENCES

APPENDIX

.
CONTENTS (CONTD.

Anatomical Studies ,.. ano sin'a
Method ... oo . coe (T
Results ... “es eee  see cae
Discussion oee  eae see  ase

Cytological Studies ... ... orave

Method ... ... eeeeen ooe
Result e . LU L ..

Karyomorphology o)a's oo PR
Discussion v ces ceos ‘%
Hybridization Tests ... . o olers
Methods evsc see QN Pee  s0s
Results ... oo Soo ces sas
Discussion 0e's ose oas 0o
Synthesis

A, Taxonomy .. oo vee oo

(i) Status of The Two foms of
C. stenopetalum ,., ...

(ii) Tazonomic Key P vas
B. Evolution

(i) Chromosome Evolution -

(ii) Speciation e.. e e

PAGE

¥

62
67

74

74
87
103

11

126
127
130
133

138

143
145

148
153
157
168



III

Iv

VII
VIII

- X -

LIST OFf TES

PAGE
Photographs of some Anthericum species in Nigeria 42
Photographs of some Chlorophytum species in Nigeria 43
Photographs of leal surface pattern in Anthericum-
Chlorophytum COMPLEX ..s ees oss _oe%/ o o oo. 64
Photographs of leaf margin anatomy in Antheri.cun-
Chlorophytum complex ... ees 65
Photographs of Antherdcnm and- Chlorophytum root sections 66
Somatic Chromosomes in Chlorophytum species oo ess 98
Somatic chromosomes in Anthericum species ess san 99
Meiotic bivalent formatiors in BGhlorophytum species ... 100
Meiotic bivalent formations in Anthericum species wuies 101
Meiotic irregularities oo vie SR ooo ovie. 1OR



- xXii -

LIST OF TABLES

1. Leaf morphologY eee  see  ese  ase  ses  ees Abd
2. Leaf morphology from Herbarium specimens ... ... 45
3 Root MOTPhOlOZY eee  sse  ose  oss  wse Lonas 46
4. Reproductive shoot o 4 A ML Y T oeis 4T
5. Pollen grain morphology ... aieie ess 48

6. fQualitative morphology ... .. e\ see wes 49

7' Leaf Epideml Ahﬂtomy LB L L LU LA 63

8 Karyomorphology in Chlorophytum PR S iev BB
9. Karyomorphology in Anthericum e eee R -
10. Sumnary of similar chromosomes e se oins oo 93

1t. Statistical Analysis of C. stenopetalum complex ... 94
12. Chiasma frequency “... .es see  osee  sse  eae 9
13. Chiasma types 4n C. stenopetalum complex ... ... 96
14. Pollen grain viability ‘and germination = shq 155
19 Results of hybridization avie  weme  ese PIR
16. Characters separating Anthericum and Chlorophytum 141

17. Analysis of the intermediate species and of

C. caulesceng (A. caulescens) ... se. .ue ... 142



xiii

LIST OF FIGURES AND APPENDIX

FIGURE

Map of Nigeria showing field survey and collection

tl‘ips. LI ® e .o .o LI LR LU

IT Map of Nigeria showing the ecological
distribution of Anthericun and Chlorophytum specEs
ITIT Idiograms PP een ees veie one Arc
IV  Proposed Trend of Chromosome Evolwution in
Anthericum Chlorophytum complex ... ola's v
V Proposed Evolution of some Nigerisn species of
Anthericum-Chlorophytum compleX ... .es  eee
APPERNDIX
1 Distribution chart of “Anthericum and Chlorophytum
in Nigeria g . r el . e® oo
2 Soil samples ... ..: oo .o .o oin @
3 Mechanicaln80il Analysis e.e  ee:  eee  wee
4  Chenieal analysis of soil samples solm; W%
5 ‘Leaf surface patterns Goe  ame  mas e e
6 Leaf margin anatomy e.. o.. - ~-8 LS

PAGE

28

29
95

152

156

168
172
173
174
175
177



CHAPTER 1

INTRODUCTION

Cytogenetics, a relatively new aspect of biological and medical
sciences 1s a hybrid of cytology and genetics (Swanson, 1965).
Cytology is undertaken in the hope of determining the presemce of
heritable characters, establishing the pirysical bases of heredity
80 as to throw lizht on the phylogeny and inter-relationship of
miltitudinous forms of living organisms, .through studying the structure,
behaviour, growth, reproduction of cells and exploring the properiies
of the protoplasm (Darlington, 1928'; Sirks, 1956; and Gardner, 1965).
Genetics, on the other hand, deals with heredity, a study which seecks
to explain the similaritieg :nd dilferences that exist between
parents and their offspring (McGraw-Hill, 1977), between closely
related species, generidhor even tribes. In order to establish a
comprehensive and, convincing cytogenetical relationship between tio
worphologically gimilar organisms at any taxonomic level, studies
of ecology, detailed morphology and anatomy, cytology and experi-
mental\breeding of the organisms need be investiguted, This is
necessary because the phenotypic characters are the manifestations
of the zenes located on the chromosomes, the plgsmagenes or
cytogenes (i.e. fractional parts of chromosomes found in the

cytoplasm which can multiply by themselves completely and



independently (Wright, 1941; 194%; Sirks, 1956; and Webaster, 1966) in
interplay with environmental factora which play a modifying role.
Since this study tries to employ these aspects; ecology, morphology,
anatomy, hybridization and cytology - in considering the cytogenetic
relutionship and the probable mode of evolution of the genera
Anthericum L, and Chlorophytum Ker-Gawl., the word 'Biosystematics',
which is ordinarily more inclusive than 'cytogenetics' is used in the
title.

The role of cytogenetics in the solufion of taxonomic problems
is assuming increasing importance. Many such recent works include
Brighton and Wickens (1976) on Combretum, Brighton and Ferguson (1976)
on Melalevea malalena, Oyewole (1972), employed cytogenetics to
elucidate the relationship and evolutionary trend among the species
of Albuca. Naik (1976) employed cytogenetic data to postulate the
probable evolution of Indian species of the genus Chlorophytum.

On many occasions, cytology and genetics have helped in supporting

or correcting and, in some cases, rejecting early classifications

of organisms through chromosome counts, and chromosome morphology,
coupled with results of inter-breeding experiments. Buchanan (1958),
working on Luzula campestris, Serota (1959), working on the Trilliums
of Northern Carolina and Carr (1978), working on Railliardia and
Dubautia, two genera of compositae, employed these methods in solving

their different taxonomic problems,
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The close similarities between Anthericum L. and Chloro phytum
Ker-Gawl., two genera of the family Liliaceae, have generated
confusions., Family Liliaceae, as described by Baker (1888), was
more complex than the present day family in that the members of the
tribe Dracaencae have been transferred to form a part of the new
family Agavaceae while those with umbellate inflorescence (tribe
Allineae) are now members of the family Amaryllidaceae., The family
Smilacaceaec was formed of the scandent stemmed members of Baker's
Liliaceae (Oyewole, 1971).

In spite of these transfers,; the present family Liliaceae is
still complex, with complexities in similarities and forms among
species and genera, The-tribe Asphodeleae consists of Anthericum,
Chlorophytum, Acrospira, Bulbine, Asphodelus, Dasystachys, Eriospermum,

Diuranthera, Echeandia, Trachyandra, Trichop ietalum (Bottioneeg).

Verdickia and:Schizobasis (Marais and Reilly, 1978). Out of these

genera, only Anthericum and Chlorophytum and Eriospermum Jaeq.

(Hepper 1968) are represented in Tropical West Africa. Eriospermum
is represented by only one specics, E. abyssinicum Bak., in West
Tropical Africa, Hence only Anthericum and Chlorophytua, the two

genera with appreciable representatiwes, are considered in this study.



The major pmblem of the Anthericum L. and Chlorophytum Ker-Gawl.
complex is mainly of developing taxonomic criteria, which will separate
them or group them together, with convincing, observable and objec tive

chhmr:;ebma. In trying to solve this problemy Hepper (1968) separated
the two genera in his latest revision of Liliaceae (F,W,T.A., 3(i))
as follows:
"Fruits  globose or shallowly lobed,
seeds not flat.
Inflorescence slender, more or less branched,
Base of leaves more or less reddish mottled.
veveeene..(5) Anthericum
Fruits deeply lobed, sceds compressed
Inflorescence branched or subspicate;
Reddish-mottling absent from the basc of leaves.
ees.+s.+(6) Chlorophytum"

The criteria 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 calls for
a rovision in a personal communication (Ngwa, 1979; cited). The
criterion which secems to separate the two genera decisively is the

reddish mottling of the leaf base; and this is not true of all’ the



Anthericum specimens. So far, reddish mottling has not been

found in the leaf base of A. limosum Bak. A, nigericum Hepper,

A. nubicum bak. and_A. pterocaulon Welw.ex.Bak. specimens

collected by the author or preserved in the Forest Research
Institute herbarium (FHI), Ibadan, and at the Botany Depart -
ment herbarium of University of Ibadan (UIH) and that of
University of Ife, (IFE). Hepper, himself only noted reddish
mottling in A, dalzielii Hutch ex Hepper.out'of the fourteen

species of Anthericum he lisked. However, the base of the

inflorescence of specimer of A. pterocaulon in the herbarium
of the Forest Research Institute of Nigeria, TIbadan is reddish
mottled. Specimens of this species collected on the field
trips for this work showed no reddish mottling. This criterion
therefore is not very reliable. The so called reddish mottling
has been found to be dependent on the stage of development and

for environmental changes in A. pubirhachis Bak. The species

had reddish mottling before flowering but the reddish mottling

gradually faded away as the fruits developed. The reddish
mottling also disappeared gradually as from mid-June in the
non-flowering representatives of the species.

Hanid (1974), working on Kenya species, and Marais and
Reilly (1978), using Kew herbarium collections of Anthericum

and Chlorophytum, saw the limitation of Hepper's classification

and used the seed and fruit characters as their basis of

classifications.



It is interesting to note that Marais and Reilly, working on almost
all species so far collected in the world did not include any of the
eight species of Anthericum that Banid transferred to Chlorophytum,
Thus their work did not complement each other. Nor was reference
made by Marais and Reilly (197) to any of the representatives of the
genera in Tropical Bxst Africa. The criteria put forth by Ngwa (1979)
for separating the two genera are not more reliablée than what Hepper
and other workers have advocated,

The confusion in the two gengra - Anthericum and Chlorophytum -
does not $top at the generic level.Poellnitz (1951) reported seventy
species of Anthericum in Tanzanis, while Moore (1951) added six new
species. Hepper (1968) listed twenty-four species of Anthericum in
Tropical West Africa, which he reduced to fourtceh by éynonym; out of these
14, . ten species have béen collected in Nigeria. Willis (1945) put
Chlorophytum species-as one hundred and fifty, with seventy-five species
reported to hdve been found in Tropical Africa, seventy-three spccies

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

from Australia. Hepper (1968) recorded fifty-onc taxa of Chlorophytum

and five taxa of Dasystachys in Tropical West Africa, which he reduced

to twenty-one species of Chlorophytum. Fourteen out of these have been

\

collected
The large number of species vecorded by both Poellnitz and Willis

might have been due to the similarities between the two genera. Hence
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the same tyxan mnight have been namcd as a specics of both Anthericum
and Chlorophytum, The other possibility is that thesc plants manifest
different vegetative morphdlogy in different environmental conditions,
at different times of theé year‘(i.e. seasonal variations) or at different
ages, Thus a single taxon may possibly have four to-gix different
identificatioms: two or three as Chlorophytum and two or three as
Anthericum. It is therefore not surprising when Obgrmeyer (1962)
reduced five species of Chlorophytum to synonyms. Hanid (1974), in
Kenya lumped eight species of Anthericum and two specics of Chlorophytum
into C. affine Bak., Ooststroom (1941) also grouped A, rouwoncrtii
De:Corter with C. capense Kuntze,

Except for Ngwa (1979) who has worked on the cytogenctics of ninc

taxa of Chlorophytum in/liceria, no other work has been recorded on

Nigerian species of Lhlorophytum and Anthericum, The present study,

therefore aimeds

(i) to examine and analysc the morphology, anatomy and c¢cologzy
of some of the Nigerian representatives of the two genera
with a view to establishing the relationships betwecen the
two gencra;

(ii) to examine the cytological similarities or differences
between the representatites of the two genera in Nigeria

with a view to defining their relationships cytologically;



(iii) to attempt to establish genetic relationships between
the two genera by attemptipg inter-generic crosses
between representatives of both genera;

(iv) to critically examine nnd analyse their similarities
and/or differences to see whether they are two distinct
genera with clear, convincing, comparative and definitive
criteria, or whether they should be merged as omc gemus, and

(v) to consider a probable avolitionary pathwgy for the lNigerian

species of the two gencra,



CHAPTER 2

COLLECTION AND HABITAT STULY,

MATERTIALS:

Preliminary investigations of vegetative morphology of
the herbarium specimens of the two genera were made at the
Forest Research Institute, Ibadan, and Botany Department,
University of Ibadan, Nigeria. In all, over one hundrecd and
fifty specimens comprising nine species of Anthericum L. and

fifteen species of Chlorophvtum Ker=Gawl. were examined.

This preliminary study was considered necessary in order to
become familiar with the membérs of the two genera. The
habitats and areas of collection of each specimen were noted
so as to aid in future c¢ollection trips.

Some cultivated specimsns of both genera, growing in the
Nursery of Botany<Department, University of Ibadan, were also

examined, to aid-field identification. These live specimens

belonged torAnthericum limosum Bak. A. pterocaulon Welw. ex.
Bak ., C..caulescens (Bak.) Marais & Reilly (A. caulescens Bake.

C. laxum R.Br., C. macrophyllum (A.Rich.) Bak., C. togoense

Engl., and Chlorophytum X (very close to C. elatum R.Br.).
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COLLACTION TRIPS

Several local and i{wo long field trips were undertaken,

On each occasion, at least one experienced field worker from
either the Forest ° Research Insiditute or the Nursery/Botanical
Garden of the Department of Botany, was taken along on the trip,
a, Local Trips:

Local collection irips were made to the neighbouring areas
including the Botanical Garden, University of Ibadan, Olokemeji
Forest Reserve, Federal Forest Reserve, Eleyele, Ibadan, Oke-Ozun
Forest Reserve, Iseyin and Federal Forest Nursery, Igbetti, Most

of the Chlorophytum specimens brought from these local trips were

checked by comparing them with cited herbarium specimens
for identification, Turther confirmation was made by using Florae
of West Tropical ‘Africa, Volume III Part I, Species identified

from the Chlorophytum specimens were C. togoense, C. macrophyllum,

C. inornatum and C. alismifolium, Chlorophytum caulescens

(4. caulesgens) was also collected, Some of the plants were
preserved as herbarium specimens while others were planted in
plastic pots in the Nursery of Botany Deparitment, University of
Ibadan, Periodic visits were made to the habitats of C. caulescens,"
C. inornatum and C. macrophyllum in 'i:he'Bota.nical Garden, University

of Ibadan, Ibadan, Those at Onigambari, Igbetti and Iseyin were
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vigited every three montlis, +The investigztions of these plants
in their natural habitat were to find out if any of their
characters were due (o scasonal variations and also to.compare
them with those found in cultivation,
b, Long Trips:

Mo long collection trips were wade during this study. The
long trips were necessary so as to have @ wider sample of each '
species and to particularly look for species of Afithericum which are
ound mainly in the Northern parts of the country. Possibility of
collocting new - taxa. of Chlorophytum was also anticipated.

In Auzust, 1977, a\field trip was made €0 northern Niceria
Fig. 1). During tMis %rip, 4. nubicum, §. caulescens,
A. subpetiolatum, 4. limosum, A, pubirhachisand A. pterocaulon I

were collecteds~ Other specimens collected were C. blepharophylluu,

C., stenopetodun I and C. gzeophilum, Most of these planis did not

have seéds while some, especially the Anthericum species, vere
not flowering at the time of collection. <They were Lherefore
planted in pots in the Nursery for observation., Three of the

Anthericum species - A, pubirhachis, A. subpetiolatum and

A. nubicun - and C, geophilum withered and did not come up again

during the following gzrowing season,
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In order to geft more species of Anthericum and possibly

collect them in flowers, another field trip was undertaken
towards the end of June and early July in 1979. During this

trip many specimens of Anthericum and Chlorophytum were again

collected. Many populations of C. stenopetalum, C.macrophyllum,

C. inornatum, C. blepharophyllum and C. laxum were.sampled.

Anthericum pubirhachis, A. limosum, A. pterocawylon and A.

uyuiense were also sampled from different populations.
The following is a list of the taxa collected and on which

ecological, morphological, anatomicalj»~cytological and genetical
studies were carried out:

Chlorophytum alismifolium-Balk,
Anthericum limosum Bak.

Anthericum pterogcaulon Welw. ex. Bak.

Anthericum pubirhachis Bak.

Chlorophvtum caulescens (Bak,) Marais & Reilly
Chlorophytum X, (close to C. elatum R.Br.)
Chlorophytum*blepharophyllum Schweinf ex. Bak.

Chlorophvtum inormatum Ker~ Gawl.

Chlorophytum laxum R BE%
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., A. ?pterocaulon, A. uyuiense Rendle

and C. geophilum 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).
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iCOLOGICAL STUDY
Anthericum and Chlorophytum species have becn reported to

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

The confused state of their taxonomy is attributed to their
quick morphological responses to ecological changes (Ngwa, 1979).
Thus the study of their ecology is necessary in order to be in a
better position to assess objectively the influences of various
ecological factors on their distribution and morphology.

METH :

(1) Environmental Studies:

Each collected sample from every sampled population was given
an index number immediately after collection and labelled
accordingly. Records of their vegetative peculiarities, area of
solisctiony and floristic features of the location of each
population were all-kept in a field notebook for each sample.
Samples of each gpecimen, labelled with the specimen's index
number were plented in plastic pots after each 1liid trip. The
specimens were then identified by comparison with authenticated
herbarium specimens,

Representatives of each sample were put in the green house,
some under the Nursery shed, while a set was kept outside under
shade in the Nursery. Another set of the samples was kept at

Ijebu-0de, TO0km Southwest of Ibadan, for observation and
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investigation,

(ii) Soil Analysis:
Soil sample was token from the habitat of every sampled

population just from the spot where specimens were collected,
The soil was labellad with the same index number-as the plant
samples, The soil sawple was weighed with alspring balance and
the weight was recorded accordingly in the field note book

(See (b) below).

a, Mechanical Anaiysis:

So0il samples collected during 1977 field trip to the Northern
States were analysed roughly, . Each goil sample was suspended in
50ml, of distilled water in a 100ml, zraduated glass cylinder,

The suspension was thoroughly shaken and allowed to stand for
twenty=-four hours to seitle down properly, BEach soil layer was
then worked @as-a percentage of the whole colum of the soil
(Oyewole; 1971).

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 occwr in very similar
ecological niches, this method became inadequate, To forestall
the limitation of this method, hydrometer method of soil
mechanical analysis, modified by Bouyoucos (1936) was used for

the soil samples collected durinz 1979 field <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 weighed. The difference was recorded as the
weight of water contained in thet 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 wasyallowd to cool down
and weighed. 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 soil.

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 uséd.

The total percentage of Nitrogen in the soil was
calculated and recorded accordingly. ‘

e. pH. Measurement:

10gm. 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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five minutes. The pH meter was set at pH 4, pH 7, and pH 9. The
suspension was then stirred just prior to taking of the pH reading.
The pH for each soil sample was recorded.
f. Exhangeable Cations:
Exchangeable cations determined for this work were potassdum
("), Sodium (Na¥), Calcium (ca™) and Magnesium (g*™).

 and Mgt

Sandelts (1944) methods for determination of k', Na', Ca
were used. The amount of Na+, k* and CaH were read from each soil
filtrate on Flame photometer, The amount of MgH present was read
on the Atomic Absorption spectrophotometer.

e Determination of Phosphorus in the Soil:
The method of Jackson (1962) modified by the Agronomy Department,
University of Ibadan, Nigeria, wasused for the determination of the
average P in each. seil sample,

The amount of average P was readon Spectromic 70 at 882nm, The

reading was recorded for each soil sample.

(iii) ECOLOGICAL DATA:

The, ecological . data of Anthericum and Chlorophytum
representatives in Nigeria were collected from the Herbarium of the
Forest. Research Institute of Nigeria, Ibadan., Some datz were also
collected from the Department of Botany, University of Ibadan, Department
of Botany, University of Ife, Department of Botany, University of Jos,
Department of Biological Sciences, Ahmadu Bello University, Zaria and

that of University of Ilorin.
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The herbaria of the Universities of Calabar, Port-Harcourt,
Nigeria, Nsukka; Ado Bayero, Kano; and Lagos were visited in June/
July, 1979, They all had little or no records of Anthericum and
Chlorophytum, The geographical locations of the populations sampled
and the area of collection mentioned by Hepper in_the Flora of \fest
Tropical Africa were also exiracted for record purposes.,

From all the above sources, zeographical‘locations of the

habitats of Anthericum and Chlorophytum species,s0

far collected in Nigeria were compiled (See Map II),
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MORPHOLOGICAL AND KCOLOGICAL OBSHKVATIONS
The ecology of three gnthericum species and eight species

of Chlorophytum was studied. A comparative study between the
collected specimens and those cultivated revealed some degree
of observable changes in their morphological charscters. A
further observation between specimens of the same species put
at different lecations in the same locality - Nursery of Botany
Department - and those at 1jebu-Ode, revealed some morphological
changes.,
Chlorophytum caulescens (Bak.) Marais & Reilly (A. caulescens)
Populations of C. cagulescens were observed and sampled
from many habitats including Botanical Garden, University of
Ibadan, the outskirte of Kagara, a small village 70 km., south
of Kaduna, snd at a BEucalyptus plantation just twenty-four
Idilometres to Kaduna from Bimin Gwari. Those collected from
the Kaduna district and those at the Botanical Garden were the
same morphologically. However, those from Kaduna had narrower
leavegand were taller than those at Ibadan, which were collected
among frasses (e.e. Andropogon tectomn). The specimens had
"pseudostem” made up of sheathed leaf bases. The leaf base
had no reddish mottling.
Those collected from about 200 metres south of Kagara

town, (along the side of a hill lying about seventy metres
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to the rizht of ihe wain roud), an open areu, verc different
from those of the olh r populations, They had sof ¢t hairy

structures whi.ch covered the leaf lamina and the sheath, In
cultivation they had more leaves, The hairiness of leafl and

sheath surfaces became reduced and was eventuwally lost.

Anthericum limosum, Balk.

Populations were sanpled alonz Zaria - Samaru road and
around the railway crossing in Jos, whére ihey grew with species

of Andropogon, Jardinea and Imperata,

The species formgshort !pseudostems' which are compresscd

or flattened, Their leaf bases hawe no reddish mottling although

they are pinkish,

There were no observable morpholozical differences ailtributable
to environmental factors, <The species flowered very well in
cultivation, ‘but produced no matured fruits, wuven those preserved
in Poregtry“Reseirch Insticute of Nizeria, Ibadan and those at
Universilties herbaria visited  séldomly had more than

two developed fruits in a whole inflorescence of more thun ten

flowers,

Anthericum pterocaulon Welw. ex, Bak,

Two varieties of this specics were encountered in this work,

The first variety grew luxuriantly in the Nursery



but did not flower for two years. After the root-tips had
been harvested for mitotic studies, the srecimen 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 varietyl was hairy.
It had short compressed 'pseudostem!.

The second variety of A. pterocaulon.was sampled from

two populations during field trips. The first population
was sampled on the outskirts of Joss . 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 Andropogon, Imperata, Perotis and Combretum.

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 Ropad. The population
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was found just a few wcires from the wain road, lhe soil was dry
and cakey, The speciumen was gtunwed and found amonyg short grasses

like Heteropogon and Setaria species. The mottliny of the leaf base

was not observable in the field,

"hey qrew well in cnltivaltion. The leaN\Smases
had reddish mottling or reddish sirives. A short cempressed
'pseudosten' was formed. The specimen representotives flowered in

cultivation, The reddish moitlin? started to fade away as from

mild=guns in mabure leaves.

Chlorophytum alismifolium Bak,

Populations were sampled from two habitats, The first location
was along a foot path to Yemoji River, about one kilometre to the
shriiu in Il:se, fivg Kilouelres outside ijebu-Ode. The
second site was the outskirts of Ore froa Beuin end of Ore = Benin
Road, These areagsurt,in the forest zone, and Lhe samples were
collected frousshadéed areas,

C, aligmifolium has short compressed 'pseudostem!, They

have lomg ~sheathing petioles and lanceolate leaves.

Ibhais been observed that C. alismifolium is a shade loving

plant and nceded high relative humidity., The spcecimens planled
in pots and placed in th: green house were stunted with small leaves.
On the other hand, those poited and placed under .ree shade in

the nursery grew well and were bigser . The specimens



had shorter petioles in cullivabion,

Chlorophytuwa blepharophylliu

Populations were sampled from different areas in the northiern
parts of the country, A populiation of fhigs species was found ‘on
the lef't side of the road, just about ten kilonetres from“Jébba

bridge on Jebba - Mokwa Road, Olhers were found in Ahmadu Bello
University Resenrch Station site, Mokwa, alon; Bukpu)- Wamba
Road about two kilometre to Gimi, and on the outskirts of Fadan
Ayu, The vegetation of those areas has been disturbed in one
form or ithe otlicr, but iv could be reterredto as a derived
Savanna or woodland Savunna, The comhen”irees are species of

Picus, Parkia, Cussonia and Combretum while Andropogon, Pennisetuw

and Hyperrhenia species are gheN¢ow:on ;rasses,
The leaves of Lh: sp&ecies were lanceolave and creclh;
the lamina was hairy @, with ciliate margin. The apex was
sharply acumina te, “Whe leuf base was not motiiled, but ensheathing,
The species hud rounaish 'pseudostom' formed by leaf sheaths,
Dry hairy géructur.s arose from the short stem, |
Undeér-eultiveation, it was observed that the extent of
hairinéss of the leaf surface reduced and the dry hairy structures
from the stem disappcared, Some of the specimens lost the

formation of 'pseudostems' especially after collecting their
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root-tips for mitotic study. However, the leaves were still erect.
The root tubers were less developed during rainy season and many
roots had none whereas almost all roois had root tubers in the dry

seasom in their natural habitats.

Chlorophytum laxum R. Br,
Specimens 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 Combretum shrub species

were also in the neighbourhood, The leaf was leathery with short
petiole, There was not much difference in the species after
cultivation, However, the leatheny leaf became fleshy and succulent
and definite petioles were developed, A compressed short

'pseudostem' developed in/ cultivation wh'le the leaves just spread

out in its natural habitat,

Chlorophytum inornatum; Xer - Gawl.

Two populations were sampled., A population in the Botanical
Garden, Ibadan Brew on maréhy soil among banana irees, The other
population was sampled along a foot path on the outskirts of Jebba
from Ilorin, The population was growinj; on narshy bank of a stream,

The leaves, which are petiolate, spread out just above the

s0il level, The inner lower part of the leaf petiole was pinkish,
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In cultivation, no morphologzical variation was observed.
However, by reqular watering, the flowerin period was

Prolonged in cultivation thanin their natural habitat.

Chlorothytup macrophvllug. (A. Rich.) Aschens.

Cultivated specimens were collected by me from a, population
along Oyo = Iseyin Road and at the Onigambari, opposite the
Federal Forestry Reserve along Ijebu-Cde - Ibddan Road. These
areas are secondary forests showing past digturbances. Other
samples were collected from the North around Wushishi on Tegina
- Bida Road, and between Wamba and Akwan-a, about fiftcen kilometres

to Akwanga, One Chlorophytum stand /wes collected on the outskirts

of Naraguta from Jos, on Jos.— Bauchi Road, It was found among
grasses.,

In cultivation, there were no observable morrhological chanzes.
However, the specimen collected at laraguta did not flower in time
though it grew. luxuriantly and propagated vezelatively, This

specimen had\ been confirmed as C, macrophyllam, When some of its

representatives were subjected to dry condition, (that is, by

wetting them once in a week) they flowered and formed few fruits,

Chlorophytum stenopetalum, Bak,

Populations were sampled from Bucalypius plantation twenty-

four kilometres to Kaduna from the South, around Mokwa, Samaru,
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Zuntu, Zungeru and Bukuru, They were usually found in cool, shaded
areas especially in the Eucalyptus plantation,

The specimens were petiolate; the leaves spread out from the
base and the lamina was arching. The leaves per plant ranged
from five to eight, but usually six or seven, ~[he rodts. usually
had one median root tuber each,

A variety of this species, confirmed to key out to .
C. stenopetalum Bak, ) has ten_to twelve leaves, It
was collected about one hundred metres away from another population
of Chlorophytum in Kaduna area, intan open habitat, The roots were

long with rows of alternating and oppositely arranged small root

tubers, This taxon is here“véferred to as C. stenovetalum II, for

the purpose of reference.

The root morphology” of the iwo taxa (C. stenopetalum I and II)

is of interest. (With a view to eliminaiing any possible micro-
climatic and/ox s6il chemical influence, representatives of the
two taxa.were planted in the same big plastic potls.

There were no observable chanzes in the morphological characters
in 8, (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 it was not environ-

mentally . induced.



Chlorophytum to;oense. BEngl,

C. togoense is the most commonly distributed species 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 . almest throughout the

year if watered regularly.

Chlorophytum X

A Chlorophytum species 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 dustroyed.

This tuxon was fommerly taken to be C., etatum R. Br., a native

of South Africa. The photograph of C. elatum presented by Storey
(1968) is different.asiorphclogically from the present material.
Moreover, C glatum occasionally flowers in South Africa (Storey,
1968) while the present material flowers throughout the year and
occasionally forms fruits with seeds. (. elatum is a tetraploid
with 2n = 28, 2n = 32 and 2n = 24 (Deshpande, 1955b; Storey, 1968;
and Koul, 1970). The material studied is a diploid with 2n = 16.
po:sibility of a tetraploid becoming a diploid in cultivation is

very doubtful.

The
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However, A, variegatum, Hort, A, vittatum, Hort., A. picturatum
Hort., A. williamsii Hort, are synonyms to C, elatum R, Br,. Hence
the present material could be ome of these synonyms,

On the other hand, the material shows some features of
A. bichetii, Hort., a West Tropical African species-(Bailey, 1947).
Since the description is very brief, onewlsmot sure whether
it should be A, bichetii, The two taxa have flexible, varigated
leaves with white and elegant habit.

Because of the unsettled taxonomy of this taxon, it is

referred to as Chlorophytum X sntil its identity is confirmed 2%,
Kew.
RESTLTS

i, ERcological Survey:

Figuve ¥ shows map of Nigeria and the routes followed
during field collections and ecolozical survey trips.
Figure II shows the ecological distribution of Anthericum

and Chlorophytum in Nigeria,

The distribution table for Anthericum and Chlorophytum

species in Nigeria is presented as Appendiz I.

ii,

Soil Analysis:
Data from soil mechanical and chemical analysis are presented

as Appendices 2 to 4.



FIURE T

Map of Nigeria showing areas cover=d during the field

surveys and collection trips in sixteen states of Nigeria.

shows the routes followed during local trips

and first long trip to theWorthern part of Nigeria.

shows the route folleowedduring the 1979 long trip.

~ or __=> shows the direction of movement.

- shows that the.same route was talken to and fro.

coceacessee ShoOws sState boundary.
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FIGURE II

Map'of Nigeria showing the ecological distribution of Anthericum
and Chlorophytum species in Nigeria. Arabic numbers and A sign
are used for Anthericum species. Letters of the alphabet are
used for Chlorophytum species.

The Anthericum species are:

1« A. dalgzielii; 2. A. limosum; 3. A. nigexpicum;
4., A. nubicum; 5. A. pterocaulon; 6. A pubirhachis;

7. A. speciosum; 8. A. subpetiolatum; 9. 4. uyuiense; and A A.zenkerd

The species of Chlorophytum are

A, C. alismifolium; B. C. blepharophyllum; C. C. caulescens

(é. _c_aulescens); Ye Dbeguaertii; F. C. sparsiflorum,

G. C. geophilum E. C. dureum; L. C, laxum; M. C. macrophyllum

N. C. inornatum; P, C. pusillum; Q. C. gellabatense

R. C._orchidastrum;. S. C. stenopetalum; T. C. togoense;

U. C. tuberosum; V. C. phystachys

[P]

The téwfis are Ab. - ABEOKUTA; Ib. - IBADAN; La. - LAGOS;

Ka, - KADONA; Za, - Z&Ti: and P.H. - PORT HARCOURT.
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E, DISCUSSION:

The ecological influences on Anthericun and Chlorophytum
species has been reported by many authors (Obermeyer, 1962; Hanid,
1974; Marais and Reilly, 1978), Thus a comparative ecological
study has enabledone to find out which of the ecological factors
readily affect these plants., It has been observed. that the
ecological influences on these plants can he considered from two
points of view:

i, the environmental factors and

i, the influence of soil chemical composition, which may

affect the ecological distributions of these plants,

Environmental Influenceg:

Species of both genera show a morphological response to
changes in the enwironment, It is observed that shade, temperature
and relative humidity affect the morpholozy of these plants.,

The cesponse, of C. aligmifolium put under tree shade, a few
me tres_from'the greenhouse and those in the grecemhouse gives a
good _example, Those in the shade grew very well with relatively
longer petioles and larger laminae, Those in the greenhouse had
short petioles and smaller laminae, This can be due to the fact that
thoge in the shade had lower rate of transpiration because the

area was cooler than the greenhouse, It therefore means that



-3 -

those could affard to expose larger leaf surface area gince the
transpiration would be less. Those in the greenhouse needed to
reduce their leaf surface area to cut down excess transpiration,
Larger and more green lamina would result in hizher production of
carbohydrates through photosynthesis; thus more energy would be
made available to plants in the shaded area, {On-the other hand,
snall leaf surface area of those in the greenhouse would result in
comparatively low photosynthetic produ¢ts-and lower energy for
vegetative growth, Thus they were-stunted in growth, This pheno-

menon was also observed in C, macropayllum, C, laxum, G. inornatum

and C, togoense. The opennesgs or shadiness of habitats had little
or no influence on Anthericum species. This could be closely
related to their habitats which were usually open fields in che
savanna zone,

The specimens in the shade developed longer leaf petioles while
those in the greenhouse developed shorter leaf petioles, C. laxum
collected from the open field in the North had no definite and
distinetive petiole in nature, In cultivation under the shade, the
same specimen developed well defined and distinct leaf petioles,
The possible reason could be that the production of longer petiole
in the shaded area helped the gpecimens to display their leaves.

This will enable them to maximize the use of 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 production of long
petiole is not necessary. C, aligpifolium, C, macrophyllum

G. stenopetalum and C, inornafum show this ecological adaptation.also.

The development of hairy structures or shining.lesf surface is a
device to check excessive transpiration. This i -a8lso an
environmental adaptation, g. caulescens andC. blepharophyllun
collected from the North had hairy leaf suriaces. ihen these specimens
were cultivated in the Nursery, the hedry siructures reduced greatly
and eventually disappeared under shagde., "Thus the possession of hairy
leaf surface is 2 means of cheeking excens transplration in an area
where the supply of water is/scarcely sufficient, ‘his adaptation
was therefore found unnecessary when the water supply wes sufficient.

It has been obferved that enwironmental ecological factors
generally affect the size of leaves and the presence of hairs on the
leaf surfaces.,” Presence or absence of petiole or relationship of
petiole to leAf blade is also’ ecolozically influenced, Thus tlLe
use ofany of these characters for taxonomic purpose will eventually
create taxonomic problem which is now a feature of this complex, A
gspecimen of C, inornatum or C, glismifolium with little or no petiole
may not be considered as the same species with one which has long,
well developed petioles. In the same way, a C. blepharophyllun

without hairy leaf surface may be considered 23 another species
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different from those with hairy leaf surface. There is evidence
in this complex where two or more taxonomic names have been given
to representative specimens of the same taxon, Hence Obermeyer,

(1962) reduced five species of Chlorophytum to synonyms,) Hanid (1974)

enlarged the representatives of C, aifinc by adding nine species of

Anthericum and two species of Chlorophytum, IHepter (1968) also

reduced twenty-four species of Anthericum in 7est Tropical Africa
to fourteen synonyms and fifty species _of Chlorophytum to twenty-
one species,

It must be noted that the margimal ciliation in C, blepharophyllum

is not ecologically induced, < The cultivated specimens continued to
exhibit the marginal cili@tion of their leaves,
Soil Mechanical and Chemical Tnfluence:

Soil physical composition and its chemical contents have great

influence on plants growing in it, Anthericum and Chlorophytum taxa

show physiological responses to soil chemical composition. Since
the soilvcomposition givés no clue to the problem at hand, the data
aresonly presented in the Apperndix,

However, soil magnesium concentration scems to influence the

distribution of these plants., A. limosum, 4, pterocaulon IT

and A. pubirhachig have their soil gt conceniration ranging from

0,66me/100g to 0,82me/100z. On the other hand, Chlorophytum species




are found in soil with relatively higher I.IgH' concentration ranging
from 1,24ue/100g to 3.51me/100z, It is evident that Anthericum
thrives well in soils with less than 1,0Ome/100g I-IgH while low soil
' Mg © concentration (i.e. below 1.0me/100g) limits, at least in part,
the growth of Chlorophytum,

Mg' " is an essential constituent of Ghleréphyll, It is also

involved in enzymatic reactions (Truog, et. 81, 1947) =
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CHAPTER

MORPHOLO GICAL STUDIES

Morphological or phenotypic characters are the attributes of any
orgenism which are commonly used in identifying the organism. They are
nand festations - of the interplay of 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 studiés will enable one
to determine distinguishingz characters of each. species which can be
found useful for hybridization and cytogenetic.studies of the two genera
under consideration. This study can also be found useful in solving
the taxomomic problems of the group.of related genera in which Anthericum

and Chlorophytum are included. _To this end, the morphological characters

of the leaves, roots, floral parts and pollen grains were studied and
analysed statistically. The qualitative morphological characters were
also investigated so ds %o find out whether such character(s) could be
useful as diagnosti¢ character(s) for each species and/or genus.
Morphological £haracters were defined from the leaf apex, leaf

shape, leaf margin, type of leaf base, colour of leaf base, type of
shoot, ‘ghape of 'pseudosten:,' location of the root tuber(s) location
and shape of peduncle, type of inflorescence, colour of tepals and
anthers, Other characters investigated were the colour and shape of

fruits, disposition of iepals at pollination and number of tepals.
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The morphological characters of cultivated representatives
of each species, plantecd under the same experimental condition,
were studied, This was done in order to reduce the possible
environmental influences on the‘morphology of the plants,

Leaf morphological characters, inflorescence and root lengths
were measured with one-metre rule and recorded in cCentimetres.
Moral parts were measured with transparent six-centimetre rule
and recorded in millimetres. The circumfzrence of root--tubers
was measured with already graduated strip of paper wrapped round
it and recorded in cm,

(a) Fresh Leaf Morphology

The adult leaves of matore plants were used for this study
because quantitative mowrpholcgical characters of leaves change
with the age of the plaants. This also gave the same basis for
comparison of the data colizcted. Hence, from cach leaf ha@ndled
were recorded the length, width, index, number of veins, and
the vein spacing intervals, Recoils were taken for fifty l-aves
of each gpecies, from not less thea twenty different pliants,
except A. pubirhachis,

Leaf length was measured from the end of the leaf sheath or
petiole to the apex of the leaf, and recorded in cm, Tie mecon

value was calculated.
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The wideasl part of each leaf blade, usually around the middle,
was measured and recorded,in cm. aszainst the length of the leaf.
The mean value was determined. . .
The leaf index was calculated as the ratio of length to _the width
i.e. Length
Width
The number of veins wa8 counted across the widest part of the
leaf blade with the a2id of X10 hand lens. The mid-<ridb was not counted.
The number was recorded as usual.

The spacing of veins in each leaf was calculated as follows:

Leaf Width 10
No of veing«4 2

where the added 2 represented the two marzinal spaces. The vein spacing
interval was recorded in millimctres. The mean value was calculated.

(b) Morphology.ofigPréserved Leaf.

Measurements from herbarium specimens were taken across different
hebitats, stugés of developments and varieties of each species.
Counting of ‘weins on leaves was equally randomly sampled. Specimens
at the herbaria of the University of Ibaden, University of Ife and
those at the Forest - Research Institute of Nigeria, Ibadun were all
investigated. However, data for A. moniliforme was - - collected from

only three individual representatives.
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C  Root Morphology

i.  Root length, tuber length and tuber circumference were measured,

as previously outlined, and recorded for each root in each specimen
stﬁdied . Tive to ten roots were handled in each specimen and a total

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

calculated and recorded. The number of tuber(s) wos recorded for each

root,

ii. Ratio of Root Tuber: Root Length

The ratio of root tuber to the whole length of each root was
calculated by dividing the root tuber length by thé length of the
root. The quotient was multiplied by 100 _.and. thus recorded as percentage.
The mean for each species was calculatéd and recorded.

D Floral Morphology

The length of at least twenty peduncles was taken for each species
after the fruits had been developed or after flowering in such cases
where fruits were not formed., This was because the peduncle should
have reached its maximum, elongation after the fruits had been formed
or all flowers aborted. It was measured from the base to its peak.

The range and‘méan were found and recorded in centimetres.

The floral parts were measured at flower enthesgis. The tepals,
stamens, and pistils were removed carefully and their full lengths
were measured. The ranges and means of eaca 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 2% 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
of the micrometre eyepiece graticule equalled 2.5 microns at this
mapgnification. The micrometre units were then converted into microns.
The range and méan for the length and width (or diameters) were
determined and recorded in microns.

The index of each pollen was found by dividing the length by the
width. The mean index and range were found and recorded.

E  QUALITATIVE MORPHOLOGICAL CHARAGTERS

Unlike the quantitative characters which were studied at plant
maturity, qualitative characters were studicd cight from the germination
of seed or sprouiing of few'shoot to the end of flowsring or fruiting.
This was done so asto _ecover the whole life cycle of each species in
order to investigate-whether any character(s) were due to stages of
development and/for seasonal variations. Reoords were kept for at least
twenty representatives of each species (emcept A. pubirhachis). TlLese
records were then used in compiling the qualitative characters as stated
above.

The root structures for the plants were examined at different
stages of development. The location of the root tuber(s) and number

per root were noted.
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General Observations
The plants in this complex have six tepals; three large while
the other three are relatively smaller in width. A careful observa-

tion of the tepal arrangement reveals that most Chlorophytum species

have the larger tepals in the outer whorl while the smaller ones
are inside. In the species of Anthericum and Chlorophytum X, the
smaller tepals are outside while the larger ones are din. the inner
whorl. These arrangements could have been a decisive separating
factor for the two gemera, but C. togoense has the two types of
arrangement.

The tepal disposition at the timefof pollination is very interes-
ting. In A. limosum, A. pterocaulon, L. pubirhachis,

Chlorophytum X and C. alismifolium, the tepals spread out to the

base and later close up after.pollination. In the other species of

Chtrorophytum, the flowers open and the tepals bend backwards to

expose the whole piStil. and stamens during pollination., .ifter
pollination, the\tepals close up again. That is, the open flower

is rbtate in dnthericum but cqmpanulate in Chlorophytum,
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RESULTS

The vegetative morphology of representatives of the species of

Anthericum and Chlorophytum investigated are presented in Platems I and II

Table 1 shows the leaf morphological data for ten Chloro um
and three Anthericum taxa.

Table 2 contains some of the data collected from preserved
herbarium specimens of all known species of the two gemera in Nigeria,
80 as to highlight the possible usefulness of leaf index and vein
spacing intervals in these plants.

Table 3 contains the root morphological'data of ten Chlorophytum
and three Anthericum taxa.

Table 4 shows data for the repreductive shoot of some representa-
tives of both genera.

Table 5 gives the measuremcntis of the pollen grains in the plants
handled.

Table 6 shows the summary of the qualitative characters for some

species of the two generc found in Nigeria.
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PLATE T1

Photozraphfs of Chlorophytum species studied:

A. Chloro tum  blepharophyllum

B. ! mac rophyllum

c. " inornatum

D. " laxum

E. g e stenopetalum I

F. " stendpetalum IT

G. 8 togoense

H. " alismifolium

N4 " caulescens (él_. caulescens )
¥.. 4 Chlorophytum X

Note the root systems in Chlorophytum stenopetalum I

and II, their inflorescence and number of leaves.
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TAZLE 1 :
LEAF MORFHOLOGY
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LEAR MORPHOLOGY OF HERBARIVM

MENS OF ANTHRRICUM

AND CILORCPHY TUM

3P

N NINERIA

LENGT OF LEAF WIDTH OF LEAF NO. OF VEINS
o - TINS
SPECIES | opoimyey R?::E) 2(42? ) A I(’:;G; IE‘L;‘N) onsmven o [ MRY [mox IMI{'!:L

(mm.

C. aureum 50 19-24 | 20.2 50 |2.8-3.0] 2.9 50 24-32 28 6.97 0.97
C. alismifolium 50 6-15 | 11.5 50 |1.4-3.6] 2.8 50 18-24 18 411 1.40

L. beguaertii -50 16~20 18.8 50 [1.5=2.1 1.7 50 14-18 16 11.06 | 0.94 |
C. blepharophylluz; | 50 30-41 | 38.5 % |1.5-3.2| 3.05 50 20-28 26 12,62 | 1.08
C. gallsbatense 1 s 4.5-5 | 4.8 50 |2.6-3.2] 2.9 50 26-30 % 1.66 | 0.97
C. geovhilum ! 50 10=24 | 17 50 |2.1-4.3| 3.2 50 24-30 26 5.31 1.14
C. inornatum 50 11-37 | 19.6 © 50 |2.6-4.8| 3.5 50 16-26 20 5.6 1.59
C. laxum 50 7-16 | 12.1 50 [0.6-1.441.9/ 50 16-30 24 11.0 0.42
C. macrophyllun 50 10-62 | 32.2 50 |2.1<8u4| 6.8 50 26.44 32 4.73 | 2.00
C. orchidastrum 50 9-21 13.2 50 2:2.6| 2.2 50 4 16-20 18 6.0 1.10
C. sparsiflorun 50 10-34 19.5 50 1.6-8.8| 6.1 50 \16-26 24 3.2 2,35
C. stenopetalum 50 12-31 °| 19.5 50 |1.6-2.4| 2.3 50 16-20 19 8.48 | 1.10
C. togoense 50 :29—_39 23.6 50 | 3.2-4.6| 3.9 50 20-30 26 6.05 [ 1.39
C. tuberosum 50 7-16 | 12.8 5o |1.3-2.8| 1.8 50 12-18 16 7.11 | 1.0
C. camlescens 50 14-36 | 30.1 50 |1.0-3.4| 3.05 | 50 24-30 28 9.87 | 1.02
_A. subpetiolatum 50 24-36 55.2 50 | 1.2-3.5| 2.6 50 16-20 18 9.69 | 1.30
A. dalzielii 50 10-15 [ 13.7 50 | 0.1-0.2| 0.12 50 8-12 9 114.2 0.11
A. limosum 50 16-33 | 27.2 50 | 1.0-1.5 S 50 26-34 30 24.73 0.34

4. nigericun 50 10,20 | 15 50 | 0.1-0.2| 0.11 50 6-8 7 145.45 | 0.12.
4. nubicum 50 30-69 | 35.2 50 | 1.1-1.3[ 1.2 50 8.34) 3R 29.33 | 0.35
A. moniliforme 20 33-51 | 44.5 20 | 1.4-2.2]| 1.83 20 38.52 47 24.32 | 0.37
A. pterocaulon 50 20-40 | 35.2 50 | 1.1-1.6 1.3 50 44-54 46 27.08 | 0.29
A. pubirhachis 50 29-42 | 40.1 50 | 0.6-0.8| 0.72 50 20-26 24 55.69 | 0.28
4. specious 50 244 | 40.1 50 | 0.4-0.6( 0.54 50 20-28 26 74.26 | 0.19
A.‘uyuicnge 50 47-52 | 49 50 o.'s-o.s 0.6 50 10-26 16 81.67 | 0.33




CHLOROPHYTUM AHD ARTHERICUNM ROOTS MORFIOLOGY
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POLLEN GRATN MORPHOLOTY
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DISCUSSION

The morphoulogical studies on the three taxa of Anthericum and ten

taxa of Chlorophytum reveal much overlappings and similarities. Data

collected from ten species of jnthericum and fifteen species of

Chlorophytum from herbarium specimens equally confiru the similarities

of the two izenera.

Data in Pable 1 reveal the overlapping of the leaf lenzthg leaf
widths, number of veins per leaf and number of leaves pér plant.
These overlapping characters can not be very useful as distinguishing
characters for - zenetic studies. The type of leaf margin is

common to the two genera except C. blepharephyllum whiéh has ciliated

margin and Chlorophytum X with hyaline margin. The vein spacing
inter¥vals across the leaf blade.and even the leaf index can be used
to separate the two genera,

The leaf index of the «tax. divide them into three groups. The
first group is made up ‘of taxa with their leaf indices above 20
(i.e. Group A). TH®) intermediate group (i.e. Group B) is made up
of plants having their leaf indic;es between 10 ond 20. whereas,
the third group~(Group C) consists of taxa having leaf indices
below 10% “Using Tables 1 2nd 2 (i.e. data from both fresh and
herbarium specimens), the taxa in this complex can be separated

as follows:



Group A plants: A. dalzielii; A. limosum; 4. nigericum; 4. nubicum;

A. pterocaulon, 4. pubirhachis, .. specious;

A. wiense, and A, moniliforme.

Group B plants are: Chlorophytum X, C. bequaertii, C. laxum, &nd

C. blepharophyllum.

Group C plants are: C., alismifolium, C. gallabatense,/C. geophilum,

C. mornatum, C. macrophyllum . . oxChidastrum,

C. sparsiflorum; C. stenopetalum B and II,C. togoense,

C. aureum, C. tuberosum,. C. caulescens (h. caulescens);

A. subpetiolatum, C. daxwn and C. blepharophyllum.

The double grouping of C. laxuimiand C, blepharophyllum can be

considered from two points of yiew,* Data from fresh specimens place

the two species in group C. (while data from preserved spccimens

place them in group B (sed Tadles 1 and 2 respectively). The varieties

dealt with in the three lerbaria were invarious stages of developient anc
sizes, while theCuld4dvated specimens were almost of the same varicty

and stage of development., 1t .:i.s therefore rezsonzble that the grouping
should vary in the two tables. The second possible reuason is that

the herbdwium specimens shrink more breadth=-wise than lengthwise

because the mid-ribs and veins normally chec!: lon:zitudinal reduction

in size as a reault of drying. This then results in increascd indices
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in the spocies since the widths are relatively more reduced.

These plants are all 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 leaf index is a reliable
dividing character for this group of plants. Using this eriterion
places all the Anthericum species in Group A4 except L. subpetiolatum.

On the other hand, all the Chlorophgtum species with Cy caulescens

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

(except Chlorophytum X and C. beguaettii). Though, this criterion can

not be taken as sufficient at the moment for transferring species
from one genus to the other, it could reinforce other criteria,
A careful examination of vein spacing intervals (VSI) presented
in the 13th column of Table 1 and in the 11th vertical column of
Table 2 shows two groupings.of the 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‘@re. A. dalgielii, A. limosum, A. nubicum, i. nizericum,

A. pterocaulon A. pubirhachis, A. specious, .. ujuiense,

A. moniliferme, ‘.  Chlorophytum X. snq ¢, laxum



Gsenyp R plants axe C. aureum, C. bequartii, C. alismifolium,
C. blepharophyllum, C. geophilum C. gallabatense,
C. inornatum, Cs togoense, C. macrophyllum,
. orchidastrum A6 C. sparsiflorum, C. stenopetalum I & IT

[+

. tuberosum, C. caulescens (4. caulescens ) and

]

A. subpetiolatum.
The grouping by the vein spacing intervals agrees)with that of

the leaf mndex. Thus the use of these criteria is gomehow complementary

and objective. The positions of the intemmediates and the species of

Anthericum grouped along with the Chlorophytum species still need further
investigations.

The. root quantitative morpholegy presented in Table 3 simply
are
shows that Anthericum and Chloréphgtum genera /fclose relatives., There

are many overlappings. Hence the usefulness of these root morphological

characters for cytogemetic study and taxonomic separation is limited.
Howe wer, qualitative properties of the root types (see Table 6)

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

Type I plants have alternating - oppositely arranged root-tubers.

-

Taxa in this group are C. stenopetalum II and C. macrophyllum

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

can further be divided into three sections:



Section a: Those with root tuber(s) in the proximal position

e.g. Chlorophytum X and C. laxum.

b: Those with root tuber(s) in the median area e.g.

C. stenopetalum I, C. blepharophyllum, and

A. limosum.

c: Plants with root tuber(s) at the distal end of

the root: C. inormatum, C. alismifolium,

C. togoense, A. _pterocaulon and A. pubirhachis

make up this section.
Type III:Plant with thickened fibrous root.system without moot tuber.
The only taxemwith this type is~C. caulescens.

It is worth noting that the three groupings found in the root
types do not agree or complement the previous groupings under leaf
index and vein spacing intervals. However, the gqualitative root
characters can be found very useful in genetical and cytogenetical
studies.

‘Table 4 démonstrates the-close relationship between the two
genera, However, the mean length of anthers divides the plants in
this complex into two groups:

Group I is made up of taxa having large anthers, whose anthers are
2.5 nillimetres and above. A. limosum, 4. pterocaulon , A.

pubirhachis and Chlorophytum X are in this group.
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Group II  plants have their mean anther lengths less than
2.5 millimetres. Taxa in this group are C. alismifolium,

C. blepharophyllum, C. inornatum, C. laxum, C. macrophyllum,

C. stenovetalum I and IT, C. togoense and G, caulescens.
The percentage of anther as a ratio of the filament (AFRP)

algo  divides the plants into two groups:

Group I is made up of plants having their anther: filament ratio
percentage above 50i;. Plants in this group.are Ch]ioro;ghyj&m_ X
and the Anthericum species.

Group ITI plants have their antlier: filameént, retio percentage below

50%. These are the remaining CThlorophytum species.

The use of the anther: filament\retio percentage as a criterion

A
helps to-solve the intermediate-position of Chlorophytum X under the

mean anther length grouping., In the latter, its value, which is 2.5 mm.

forms the upper limit of “Chlorcphytun and the lower limit of Anthericum

species. The use of ATRP decisively places Chlorophytum X along with
the Anthericun gpefies. Its AFRP value of 63% is above 50%, the lower
limit of Anthericum,

It may-be necessary to pcint out here that the grouping, resulting
from the. use of the mean anther leng.a and AFRP values agree with that

of leaf index and V3T groupings stated earlier,
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The pollen girain morphologienl data as presented in Table 5
only confirmu the closeness of the two gemera. The index for each
taxon, which chows the shape of the pollen grains, overlaps. Hence
this has limited use for the moment. It may be neceasary to place
it on record that some oily droplets were observzd in C. laxum/pollen
grains, This is not found in other species. However, more detailed
investigations and studies are hoped for in future fesedrch work,

The qualitative characters for the thirteen taxa of Anthericum
and Chlorophytum genera presented in Table 7 give further confirmation
of' the relationships existing between the fwo\genera, Most of the

characters show overlappings, tlus indicating their closeness., However,

the anther colou: viacies in intengity Prom yellow to brown in both
generi, but Chlcrophytum X and (C. nlismifolium have white anthsrs.

Colour of leaf base is usuusldldy green in Chlorophytum species but

those of Anthericum species “ive pinlish. A. pubirhachis even has

reddish nottling. The pseudostem in Anthericum species, Chlorophytum X,

C. rlismifolium dand . 1laxim is flattened or compressed. The
pseudostem ig“cireular in C, caulescens and other species of Chlorpphytuw
when presénls, The hape of the peduicle show that A. limosum, A.pterocaulon

and A. pabirhachis have flnttened #nd angled peduncles wlile those of

C. caulescens and other  taxa of Chlorophytum are circulsar., The shape of

leaf for Anthericuw is linear while that of Chlorophytum species is lenceolate.
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The vegetative morphological data analysed and presented above

show that Anthericum and Chlorophytum have much in common. It has also

been suggested that the two genera can be separated tentatively by
using the leaf .index, vein spacing intervals (¥sI), mean lengths

of anthers, anther: filament ratio percentage (AFRP), shapes of leaf,
shapes of peduncle, shapes of pseudostem and the tepal dispositions

during pollination. Using these criteria, Chlorophytum X agrees more

with the Anthericum species in many respects. However, C. lazum and
C. alismifolium share their characters within the two genera, thus
maintaining intermediate position betiween the two genera.

The locations of root tuber(s) on~the roots, shapes of peduncle,
the size and colour of anthers, tepal arrangements and tepal disposition
during poliination have been noted as useful 'marker' characters for

genetical and cytogenetical studies.
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CHAPTER 4

ANATOMICAL STUDIES

Leaf surface patterns, anatomical features and structures-have
been demonstrated to be genetically controlled (Cutlor, 19725 Cutler
and Brandham, 1977), Hence, a serious cytogenetic consideration should
include the anatomical features of the organisms that are being studied,

Thus the anatomy of representative species of Anthericum and Chlorophytum

was studied with a view to indirectly assessinz, the cytogenetic relation=-
ships of the itwo genera, It was hoped that this would help to confirm
the separation of the complex into two distinct genera, merging them
into one single genus or subgenera of the same genus, It is also hoped
that the anatomical study might throw light on the probable mode of

evolution of the complex,

METHODS :

A, LEAF EPIDERMIS:

i 4

The' leat surfnces were cleancd with lens tissue scaked in
acgone, . This was to stimulate the proper opening of the stomata,
The epidermis was removed mechanmically fron about the middle of the
leaf blade, Good strips from the upper zid lower surfaces were
mounted in 535 glycerine for microscopic ezaninations,

i, The stomatal apparatus and the neighbouring cells were

measured at X 10 and X 40 objectives of a lizght microscope with
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One unit of

9 weviously raduited wicromnetler eyepicee eniienle,
graticule equallcd 10,0 microns at X 10 and 2.5 wicrons at 1 40

objectives. ., The measureients were recorded in Wicronp, At loust
fifty stomata and their neighbouring cells were randonly selected
from it leasc¢ five specimens of cach gpecics and go teéited, HMean

values of the length und widih of stonatal appapdtusius well as

t'hasc of the neighbouring cells were calculated,

i1, Index for each stoma and neighbouring eell was calculated
individually,
iii,  The nuaber of sgtumata, using¥ 10 objeuciive, was counted froi

at least five soccivnens of ecagh)gpecics, ''wenty such counts were

nade for cach specieg, The mean per {ield of vicw of the microscuju

at X 10 objective a! wifich dne uni. of microneicy groticule oy iits

10 M1, was esleudabdd o3 Yollous:
Area of W circle 771-2
Digmptes of fiold of wviecw = 10.0 x 100 rm.
. 000
A cm 1 e 3 i O 100
N\ Mie radins is -g ( 1000 )mm.

= % um.

Thug aren of ricld view

2t X 10 objective

5

(4 x 1I) ©q. um o

0.788 mm2 »
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The distribution of number of stomata per square millimetre
was calculated thus:
(_§ x 1) stomata / sqg. mm.
Where x is the mean number of stomata per field off view
v is the caleulated aren of the field ofview
= 0,7€8un” »

The product was approximated to the nearest wholeé number., It was
then recorded as the number of stomatz/sq, mm, for each species,
iv, The mean length of the stonata was found as the ratio of the

mean length of the neighbouring cells and the nean width, The
mean index of stomata was also deterfined as a ratio of the mean
index of the neighbouring cslls,

If the stamta : Neighbouring cells ratio = A:B

1o % of stomatal rafio = ( _ L x 100 ) %
A+ B

The product is fhen put in brackets 2POVe the ratio, This is done

in order to have the same basis of comparison,

" LZAF ANATOMNY.

Transverse sections were cut from fresh leaf by using Reichert
sliding microtome, Leaves from seedlings, relatively mature plants,
flowering plants and old fruiting plantis were all saupled and
examined in each species, This was to ascertain whether any
anatomical feature(s) or structure(s) were dus to the leaf develop-

mnental variations,
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ii. Leaf Anatomy of Dry Jpecimens:

Leaf samples were taken from wide range of preserved s.pecimens.
The dry leaves were gently boiled and preserved for forty-eight hours
in F.A.A. (made up with 10nls of 40% Formaldehye; Smls=of 955 ethyl
alchol; 5mls of glacial Acetic acid and 35mls of distilled water
(Lyensu, 1972), Part of each trested leaf was £mbodded in paraffin
wax cnd cut by using a Beck's Rotary Mieroteus, / The transverse
sections crumbled, The freezing nicrotomo and even the Reichert
sliding microtome were used, but thexe was no betier sectioning.

Other pretrectments 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., It is
therefore not possible *to present tronsvarse sections from preserved

specimens,

ROOT ANATOMY.

Transyerse sections from fresh roots were tried on the freezing

- microtome as well as the Reichert sliding microtome but the sections

erumbled, However, hand sectinning was done with gharp razor, Fairly
thin transverse sections were cut in 706 ethyl alconol; stained with
alcoholic safranin, dehydrated in absolute ethyl alcohol and mounted

in Canado Balsam for permanent preparation,



D,  PHOLOGR.PHY:

Leaf epidermal cells, transverse sccetions of leaves and root
were photographed on the Carl Zeiss photonicroscope at X4 and X10
objectives, Kodak Panatomic -X film PZ135 - 36 was usedd A
gequential record of each photographed specimen was kepl/as it was
taken,

Films were developed and prinved on Agfa £N1 (5) papers, The

films and pictures were then labelled and ssored,

RBESULTS

After all exawin:tions, it way Found that anatomical structuics
were constant when the plantsgpyere ot ch o floverings stazes, Thius
4150 forued a ceanon basis(of\ oy rson.

The statigiical anollysis of tae leaf epidermal date is
presented in TableN7.

Plate III sho\g representative photogravhs of the epidernal
Liyzrs whiles others are shown in the Lppendix 5.

Thephotozravhs shown in Flate: IV are the representatives
of thg\I®2f initony emphasizing the paucerns of the epidersial celly
at the’/leaf m:rgin; while others are shown in the Appendix 6.

Representative bransverse secticns of rocis in both gencra

are presented in Plate YV,
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PLATE III

Photographs of leaf sgurface patterns in Anthericum and

Chlorophytum complex.

A. Primitive leaf surface pattern as in C. zlismifolium,
B. Chlororhytum X leaf surface pattern«showing a

primitive pattemn.

C. Typical leaf surface pattierndin’ Anthericum species.

(4. pubirhachis),

D. Typical lear surface pattern in Chlerophytum species

(C. stenopetalum I ).



X 200



Photographs of leaf margin sections; showing ‘typical leaf
margin anatomy in species of Anthericum and Chlorophytum:
A & B show typical leaf margin anatomy in Anthericum species

{4« 4. limosum B. 4. pubirhachis)

Q
@
=}

shows typical leaf margin anatomy in Chlorophytum species

(c. C. blepharophyllum “/D. (. stenopetalum II)



X 200



ELATE V.

Photographs of root sections:

- A. A, limosum

B. A. pterocaulon




X 200
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DISCUSSION

- —

i. Nuaber of stomata per square millimetre varies within the speciuwens
of the saume species, The stomatal size varies sven in the sawe(specinen
depending on the position of the stomata in the leal, Thése.characters
are not reiia‘ul»;e for taxonomic purpose becausc they are infiuenced by
environuental factors (Meidner and Mansfield, 196&; Kramer, 1969).,

The characters of stomatal length, width and “index are not found useful
taxonomically as both taya overlap in each of them. As can be
seen in Table 7 the mean stomatal lengtlyranzes from 33,25 um to 49,75 um

for Antheyicum, while that of Chlorgnwhvbum ranges Irom 33,75 um Lo

96.5 wu, The mean width ranges @r8\ Frou 26.13 uu to 40.9 ua. (Anthericum)
and from 29,83 uz to 79,25 um,\(Chloropaytum). 4lso, the inde:x ranges
from 1,06 to 1.28 for sntherdocun specics and from 1,05 to 1.24 for

Chlorophytum species.

The stomital Qifférentiilion is under zenstic conbrol, The sinilio-
rities of stomaf@d3structure in thir complex, seeye ko bhe an indiost ion
Flie cl&ON cenelical. relationst iy aonon:

34, THE Neighbouring Cella:

The mean length of the neighuwouring cc'ls in his complex
overlaps; however, the nean widbh z2ad mezn index divide the Goga

in the couplex into two,



The mean width of the neighbouwring cells in Anthericum

species is from 22,73 to 34,0 ym, The range for Chlorophytum
species is from 52,64 jm to 110,75 ym (excluding Chlorophytum X
having 36,17 pm), Using the width of the neighbouring cells as
a criterion, the complex can be divided into tfo/broad groups:
Group A, being made up of taxa having the width of their
neighbouring cells less than 40pm while Group B plants have theirs
above 40P

The index of the neighbouring cells as presented in Table 7,
shows a range of 6,88 to 9,48 for inthericum and 1.1 to 3,34 for
Chlorophytun, Using index above 5,0 for taxa in Group A and
from 5,0 and below for those in Group B, the groupinz falls in
line with the one. suggested above, The only exception, however,
is that Chlorophytup X is transferred from Group A to Group B,

The double~grouping of Chlorophytum X may probably be due to its

possible @evolutiocnary pésition in the complex,

iii,“The Ratio of Stomatal Apparatus:Neizhbouringz Cells:

The percentage of mean length of stomate : nean length of
neighbouring cells, in Table 7, only shows continuity of the taxa
in the complex, The percentage of width: width ratio as can be
seen in column xxi of Table 7, separates the taxz. into two

groups, Group A plants are_zi 50% (all inthericun species)while
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that of Group B in < 506 (all Chlorophy*um specics), Column xxii

of Table 7 showing the percentage of index: index ratio also

divides the taxa into two groups, The groupins correlates with the
above grouping under widuh: width ratio., In this cos€,/Group A

has & 25% while Group B has “p 259%.,

Lven though Atchley et. al (1976) stutcdy ¥ A.. that not
only have biolozists been misled .s/to what ratios
actually show, but ratios greatly confuse and, in
nmany cages invalidate criwical st.tistical or
biologzical analyses ©6f_the original data." However,

the use of ratios in this work™does not confuse or invalidate
but rather couplenents @ndy strengtheas other biological analyses,
It is interesting to Bote thao th: sroupin ; resulting from the

use of ratios hexe botalily agrees with and supvorts those of leof
index, vein spacing intervals, anther: tilawent r-tio percentage

and otherdmorphological criteria.

ey

s
C
Poer

Bht~general surface pattern of Bhe loaf epideraal cells supp
the wroupings beased on the widtn and index of the neighbouring ceils
and”those of ratios, as suggested above. (See Plate ITII). 1In
addition, while the shapes of the neighbouring ceils in the Group
A taxa are elonzited parallelozraus, those ol Giroup B taxa are !

roughly rhombic in shape.
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The importance of the leaf surface ¢natomy inisolving
|
taxonokic problems is now gaining more credibility because it
is known to be genetically controlled. Cutler (1972), working

on leaf surface patterns of Aloe, Gasteria and Hawerthia,
AT

concluded that the various leaf surface patterns ‘@re under
genetic control and that environment plays very-'little, if any,
part in determining the appearence of the Yeaf 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 anatomy was intermediate between

the two parents,; as evidencedhvin the cross Aloe rauhii X Aloe

dawei. It may be suggested at this point that the leaf

surface anatomy of C. alismifolium and Chlorophytum X probably
are the most primitive patterns.

Leaf Anatomy:

There dre intermediates in the vascular bundles of the
plants in, this complex. Hence no clear-cut division can be
formed, en these structures. A look at the anatomy 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. pubirhachis, A. uyuiense, Chlorophytum X

and C. 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
L. alismifolium 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 andr B, “it is hereby suggested that

Anthericum and Chlorophytum should remain as two separate geners

of Liliaceae. Group A taxa should thus be regarded as

Anthericum species while Group B taxa are Chlorophvtum spcies.

The position of C¢ alismifolium, C. laxum and Chlorophytum X

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

Root Anatomy:
The root steles do not give clear and useful information as

regards the separation of the two genera. They are structurally
similar. The identical anatomical features in roots of

Anthericum and Chlorophytum 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 Cs/ Rlismifolium

and Chlorophvtum X suggest that taxa in this_corfplex might

have arisen by natural hybridization. Theepidermal anatomy
structures in other species seem to be. intermediate between

those of C. alismifolium and Chlorophytum X. For example,

the 1leaf epidermal surfece pattern/ih C. blepharophyllum is

intermediate between those of Ce, ®lismifolium and Chlorophytum

X with C. alismifolium possikhly being the maternal plant.

It is my belief that thefgVolutonary 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 parall€l.lines of evolution. Their similarities thus
confirm that “they both retain most of their ancestrial

charactersy.
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CHAPTER 2
CYTOLOGICAL STUDIES

The aims of the cytologicai atudies were to establish the basic
chromos ome number, confirm or reject chromosome numbers reported for
some species and report new chromosame numbers (if found) for some
Nigerian species of the complex, It was also aimed to study the
Karyomorpholeyy, mitotic and meiotic 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 AND METHOLS

Mitotic studies were carried out on all the species inwestigated
in this work, while medotic studies were carried out on all but
C. geophilum, 4. pubicum and jA. pterocaulon I,

MITOTIC STUDIES

Young root tips were used for the mitotic studies. Samples of
root tips were taken from ten individual plants of each species
except in A, nubicum where samples were taken from the only two
individual plants availuble,

(i), Gollection of Material for Karyotype study

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

field during the 1979 field trips as well as from cultivated

samples were investigated.



(ii)
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Collected specimens were planted in plastic pots and on
experimental beds in the Botany Department, University of Ibadan.
They were subjected to uniform experimental conditions, It was
found difficult to get good root tips from the specimens cultivated
on experimental beds, hence root tips were collected from plants
in plastic pots. The root tips were harvested by gently rocking
the plastic pots and pouring out the soil and the plants, The
roots were then carefully washed free of soil particles in running
tap water, immediately cut and put in pre=treatment drug.
Collection of root tips was done at different times to ascertain
the best time for active cell division, Mitotic cell division was
found most active between 6.30.a.m, and 8,00 a.m., for specimens
of both taxa.

Pre~treatment of Root Tips

Root tips (1 cm to 2 cm. in length) were removed into specimen tubes
containing saturated aqueous solution of p-dichlorobenzene or other
pre-~treatment drugs. They were kept for three hours in the dark.

When kept for a lescer period, the chromosomes were long and thin while
at three hours, they were short, easily spread out and definitive in
structure. The dark period treatment was found to be necessary for

nomal growth.
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The roots did not show evidence of normal growth when left in
the 1light. Apart from aqueous solution of p-dichlorobenzene,
other pre-treatment drugs like €-monobromonaphthalene, 1%
colchicine and 8-hydroxyquinoline were also tried. Bven though
all the pre-treatment drugs gave some measure-of success,
p-dichlorobenzene gave a more satisfactory result and was easy
to prepare., Hence it was used for this work so as to give a
common basis for comparison.

(iii) Fixation and Preservation
After three hours, specimen tubes were taken out from the dark.
The pre-treated \roots were then washed in running tap water for
two minutes so as to wash off the pre-treatment drug. Carnoy'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 of the
refrigerator for at least twenty-four hours. The fixation was
necessary in order to kill the cells and arrest the nuclear
activities while storage in the refrigerator encouraged proper

staining of the chromosomes.
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Hydrolysis

The roots were taken out from the preserving solution and washed

thoroughly for two minutes in rumnning tap water. Hydrolysis was

necessary to soften the root tips which aids in spreading out of

the cells and their chromosomes. Two methods of hydrolysis were

tried which were (a) similtaneous hydrolysis and staining and

(v) hydrolysis at room temperature by using low concentration

of HC1.

(a) Simultaneous hydrolysis and-staining method

(b)

This method formally referred to as Acetic Orcein stain
technique (Darlington.and La Cour, 1962) was modified by
Marenah and Holden'(1967). Root tips were put in a mixture
of nine parts of“2 acetic orcein and one part of IN HCI
(by volume). and kept in an oven at 60°C for 8 - 10 minutes.
Squashing, followed in a drop of 2% acetic orcein on a clean
slide,

Hydrolysis at Room Temperature

Oyewole (1975) used 2¥SHCI for hydrolysing root tips at
room temperature while Olorode (1973b ) used 1%
HC1 for his own hydrolysis. In this study, 35% HCl was

used as hydrolysing solution at room temperature. The .
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period of hydrolysis was between 6 and 10 minutes depending
on the thickness or size of the root. Hydrolysed roots were
washed for two minutes in running tap water.
This method saved time and it worked for the material under
investigation. The root caps readily fell off on their own during
washing. Another point for this method was that it did not depend
on electric power supply, which was usually irregular as hydrolysis
was at room temperature.
Squashing
Washed and hydrolysed root tip (i,e. the meristematic part)
was squashed in a drop of stain on a clean slide, It was gently
covered with a coverslip smeared with a tiny speck of glycerine
albumen and dried over a flameé of the spirit lamp., The cells readily
spread out., The coverslip was tapped gently with pointed needle to
allow for even spreading of the cells and their chromosomes,
The slide was then-examined under the micrescope to find out
whether the cells and their chromosomes were spread enough.
When the chromosomes were not spread enough, further gentle
tapping of the slide was done. Stains used for this work were
1% Aceto orcein (Marenah and Holden, 1967) and 2% Acetocarmine
solutions, Slides meant for further studies were sealed up at the

edges witnh nail varnish and kept in the refrigerator. Slides
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with this treatment usually lasted for five to eight days
without being spoilt. Moreover, the chromosomes stained better
under this condition.

Permanent Preparations

Good preparations were made into permanent slides ag follows:
Two or three corners of the coverslip were marked with a diamond
pencil, Slide was placed in 45% acetic acid in a slide tray
with the coverslip downwards. After the coverslip had fallen
off, the slide was transferred into 1:1 acetic acid: butanol’.(by
volume) for 10 to 15 seconds. The glide was then removed and
dehydrated in absolute butanol for twoe minutes. The slide and
coverslip were placed on clean filter paper with their faces
upwards to allow them dry. A drop of Canada Balsam in xylene

(a mountant) was put on the dry coverslip. The slide was then
placed properly, .setting the marking on the coverslip and then
pressed slightly., It was then turned face up and allowed to
dry. The slides were 1labelled and kept in plastic slide trays

for future use.

Chromosome counts:

Chromosomes were counted in at least ten representatives of each

sSpecies (except in A. nubicum, C. geophilum and A. pterocaulon 1)s
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In each representative, chromosomes in 10-20 intact cells, were
counted, thus chromosomes in 100-200 cells were counted for
each species. The metaphase chromosomes were counted at x10,
and x40 or x100 (with oil immersion) objéctives.

(viii) Karyotype
Karyomorphology of each species was studied, taking note of the
centromeric positions, the shape of the chromOSomes, presence or
absence of secondary constrictions, and satellites. Absolute
length and r-value of each chromosome were also defermined.

(a) Measurements of chromosome size

The measurement of each chromosome was made at x100 objective
(with 0il immersion) 6f a light microscope in which a unit
of the micrometer eyepiece graticle equalled one micron
(mm. The dlong arm (1.), the short arm (s) and the absolute
length (c) of each chromosome were recorded. The position
of centromere was determined as the position of a major
conatiction between the two arms of each chromosome. Due

to the different positions of cells in a root tissue and
different stages of arrest of the mitotic stages even at the
metaphase, it became necessary to standardise the thickness
of the chromosomes to about two microns ('ﬁf:ng). Using this

thickness approximation for each measured chromosome, the
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variation of homologous chromosomes in different cells of

the same species, in different reprosentativee was negligible.

However, an average was calculated for each homologous pair

of chromosomes (approximated to the nearcst<0.5wm) in at

least 20 chromosome complements.

The r-value (%was calculated for each homologous pair of
s

chromosomes for the deterwmination of the centromeric position.

The chromosome morphology was andlysed by the method of

Levan, et al (1964) as follows:

Position of centromcre r-value symbol
Terminal point | 12.| - 00 P
Terminal region ; Te1 = 12.0 t
Subterminal region g 31 = 7.0 st.
Submedian, region E 1.7M- 3.0 sm.
Medidn region ! 1e1 = 1.7 m.
Median point i 1.0 M

The chromosomes were further classified as long when they

were above 6.0 pgn Chromosomes having their total length

from 6.0 ygm- 4.0 ymwere regarded as medium in size while

those less than 4,0 ym were referred to &s short chromosomes.
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(:Lx) Pho tography
Well spread chromosomes of intact cells at metaphase stage were
photographed immediately with the Carl Zeiss ptomicroscope at
x40 objective. Kodak Panatomic -x Px 32 i34/17 Din 35 mn.films
were used, The best time of exposure was found to be between
5 seconds and 10 seconds depending on the light intensity and
how deeply the chromosomes were stained.. It was found that
preparations left overnisht gave better pictures at No IV on
the light control board of the photomicroscope for 8 seconds
exposure. The films were developed in D196 developer. Printing
was done on Emst Leitz GMBH Vietzlar Focomat 11c Enlarger. The
films and photographs were labelled and stored.

(x) Idiograms
The mean chromoSome lcngths were used for drawing the idiograms,

B. MEIOTIC STUDIES

Meiotic studies were made so as to confirm the chromosome numbers
established by mitotic swudies and to investigute the homology and
pairing patterns of the chromosomes. These studies could be found
useful in elucidating the evolution of the chromusome complements in
the complex. A attempt was also maded to assess the possilile
incidence of chromosomal irreqularities; inversions, trans-—

locations, dupldcations and/or deletions in the complex.
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(1) Choice of material
Anthers of young flower buds were used because they could be
ohtained easily. The abundant pollen mother cells (PMC.) in
the six anthers found in each flower made the anthers better
material for meiotic studies than the ovules which were difficult
to reach and relatively very few in mnumber, Good meioiic stages
were usually found in young flower buds when they were still
green. However, random trials of different stages of flower buds
usually gave good result, since the meiotic activity
depends on spepies and time of collection.

(ii) Collection of material

Flower buds were collected from at least ten representatives for

each species. Collections were made throughout the day, However,

it was found that materials collected between 8.00 a.m. and 12.00 noon
usually gave géod-nmeiotic division stages. Specimens collected

in the afternton nnd evening usually had clumped chromosomes.

(iii) Fixation wnd’ Preservation

Flower.buds of different stages of development were harvested

dnd fixed immediately in freshly prepared Carnoy solution and
preserved in a refrigerator for at least twenty-four hours,

This is neczssary, so as to allow for proper fixing of the

cells and the removal of mucilage from the anthers.
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(iv) Preparjtion of Meiotic Muterials.

(v)

FMixed and preserved flower buds were washed in running tap water.
Flowver buds were hydrolysed in 10 HCI for 5 minutes s6¢ that the
pollen wother cells (PMC) would be softened to allow for easy
spreading of the chromosomes. The flower bud was washed in
running tap w.ter. The anthers were picked out from the flower
bud with clean pins and feweeps. Two or three anthers from each
flower bud were squashed in a drop of 2% aceto-carmine on clean
slide and covered with a clean coverslip, The preparation was
slightly tapped and scanned under the microscope. Murther tapping
and irrigation (with staining sol",) of preparations were done
when found necessary. ‘The process of permanent preparation given
under mitosis was followed.

Studiegs of Meiotic Behagviours

Each meiotie preparation was exhaustively scamned under a light

microscope at x40 ob:jec_tive. The behaviour of the chromosomes szt
the propbase stages; metaphases I and II, anaphases I and II and
telophases I and IT were carefully studied. The prophase I stuges
atudied were FPachytene, Zygotene, Diplotene and Diakinesis, These
atages were studied to find out the pattern of pairing, whether any
of the apparent forms were results of breakasge and/or reunion of

non-sister chromatids,
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The metaphase I chromosomes were counted so as to confirm the
chromosome numbers established bymigotic studies. Metaphase II
was examined to find out any unequal separation that might have
occurred during the first gnaphase., AnaphasesI and II were
studied to find out whether any of the sister chromatids might
be forming laggards, non-disjunctions and/or dicentric bridges.
Bariy telophasesl and II were investigated to note the probable
'left out' chromosemes outside the daughter nucliei. The "1ate
telophasesI and II were also examined toinvestigate the presence of
any 'micro-nuclei', number of daughter nuclei and their
separation.

(vi) Photography
Well spread diplotene; diakinesis or' metaphase I chromosomes
with definite cell’walls were phetographed as detailed for
mitotic study.

(vii) Magnification

Marked specific chromosomes and cells were measured at x100

objective of a light microscope in which one unit of micromever
graticle equalled one micron ()un). The measurement was recorded
in microns. The cells and/or specific chromosomes were photo-
graphed on Carl Zeiss Phase Contrast photomicroscope. The film

was developed and printed at different elevations of the
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Focomat 11° Enlarger. Measurements from photogrphs o the cells
and specificelly marked chromosomes were taken and recorded in
millimetres (mm.). The magnification was calculated by dividing

the photographic measurement by the actual measurement- thus:

i %
Magnification Photographic measurement . 1000

Actual measuremént 1
#(1000 microns make 1 millimetre)
The magnification of any cell or chromosome photographed at
x40 objective of the Carl Zeiss Phase Contrast photomicroscope,
developed and printed at 11th level of elevation on the Ernst
Leitz GMBH Wetzlar Focomat {1° Emlarger was found to be x1000.
Thus all the mitotic-and meiotic cells were photographed at
x40 objective of Carl Zeiss photomicroscope and printed at the

11th level of elevation of the Focomat 11c Enlarger.

C STATISTICAL ANALYSES OF THE KARYOTYPES

The chromosome measurements were subjected to some simple statistical

analyses.

(i) The variance

The variance of each chromosome complement and the mean total
length of chromsome for each species were calculated by using

the formula:
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X " the value of variables.

n " the mumber of variables.

Mean Variance was determined as

7 L (z?)z

Standard Deviation
This was calculated by employing the formula:

Student t ~ test

Popham and Sintgnile's (1973) separate variance t model formula

was used for calculating the t value.

iePs x1 - 12 ‘
. n1 n2
where x is the mean of the vAriables

32 is the variance'_&ound by squaring the standard devmtion)

n is the mumber of variables.
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Homogeneity of Variances. F-test

To test the hypothesis that 0"12 = dg, a simple statistical

test, the F ratio, according to Popham and Sirotnik (1973), was

empl oyed.
F = 32
2
S1
where
F = the value by which variance homegeneity
will be tested
Sz = the greater (larger) simple variance
bf = the lesser (smaller) simple variance

(degree of freedom is n -~ 1 for each of the variances,

that is,twd values were obtained).

A MITOTIC STUDIES

The mibotic divisious were normal in almost all the species of
both genera. However, endomitosis was observed in few cells of
C. stenopetalum I and in many cells of A. pubirhachis,

Karyotype leasurements

Chromosome measurements are presented in Tables8 and 9. The

haploid chromosome set is presented for diploid and tetraploid
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species. The basic chromosome number is used for the triploid
species. The somatic chromosome numbers are also presented.
Summary 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 Chlorophytum and Anthericum species.

Photographs

Somatic chromosomes are presented in Plates VI and VII for

Chlorophytum and Anthericum species respectively.

MEIOTIC STUDIES

Except in Chlorophytum X, C. alismifolium and few cells of

C. caulescens and A, pterocaulon II, meiotic division and chromosomal

beghaviours were nommal.

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 meidtic 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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KARYOMORPHOLOGY OF TEN SPECIES OF CHLOROPHYTUM

SPECIES I |{II {(III| IV|V |vI |VII|VII}] IX| X |XI |XII XIIJXIV’THELN
: Bm
C. blepharo- ¢ |10 (9.5 8 I8 7| 7| T |65/6]|645{515
2hi:1llum

1617|615 1451444 ]|31513}2.5(4 |7.0
8 | 41251 2|3 |42 3| 3253 |1 |2]|25]|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

M 4m S5sm 2st |loc| m [sm |sm |u N |som |m|m |sm | M|st |m| M st

C. geophilum C 0.5 9] 91(8.5|8 | 8 |7.5 | T |7 7|7 |65 6 |3 |7.43
1161656 |5(415]|4.5(4]|414.5|4]| 3 1.5
8 |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]1.5|2,4 1.711.012.01 1.8 [1.5{1.3[1.8[1.6] 1.0 }1.0

M 5m 6sm -st |loc|m {sm | m|sm |m | M |sm |sm |m [mfsm |m| M |M

C. macrophy- C MO | 919 |8 8| T T| T |T]|65] 6| 6]|5.5[4 |7T.34

1lun

1161 7|56 |5|6({4]14]|5]|5(4]|3]| 3|2
sqJ4t1214|2 31133121523 (2.5]2
20 J1.5|3.5[1.3[3.0 r.7 6.0[1.3|143 |25 (3.3 {2.0{1.0[ 1.2 [1.0

2 5m 4sm 36t |[loc|m |st |m |sm |m st |m | m |sm |st |sm | M| m |M

. inornatum C M1 19519 |9 |9|8 1|7 8.93
1L 1717175151415
s |4 12512 |4 |4 ]4)2
r=v[1.8]2.8]3.5[1.3 [1.3]|1.0|2.5

1M 2m 3sm 1st |[loc Fm sm jst |m |m | M |sm
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TABLE _8 (CONTD.)

T T |
I | O | III) IV v i vI | vII | MEAN'
' |
C. inornatum (o 11 9.5 9 9 9 8 7 8.93
il 7 7 i 5 5 4 5
s 4 2.5 2 4 4 4 2
r~v | 1.8 | 2.8} 3.5/ 1.3 4.9 1.0| 2.5
1M 2n 3sm 18t loc sm sm st m m M sm
L. laxum ¢] 1 9 8 7 7 6 6 T-T4
1 7 5 5%1: 5.5 4 4 7
r-v 1.8 1.3 107 3.7 1.3 200 1.0
1M Zm 2sm 1st loc sm m m st m sm M
C. stemopetalum I c 8 8 8 7 (4 6 6 Te14
1 6 5 4 5 4 5 3
8 2 3 4 2 3 1 3
r-v 3.0 | 17 10 | 2.5 ; 163 | 5.0 | 1.0
1 2M 2m 2am 18t loc am m M am m st M
|G, stenopetalum TT c (10 {9 |9 |es5)75| 6 | 6 |s.0
i 1 7 | 5 45| 5 |55 5 3
s |3 a4 las 35| 2 1 3 |
Lﬁv 2.3 165 1.0 1¢4 248 5.0 1.0
M 2m 3sm -st Iloc sm m M m sm st M
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TABLE 8 (CONTD
I [
i X IT{ III v, Vv VI VII.VIII MBEAN
|
_g_n ense C 9 8 8 8 8 T 5 7057

2M 1m 4sm -st loc | m |sm |sm |sm M |sm M
C. alismifolium c 8 7 T 16548 |60 |55 ] 5 |6.38
(2n = 16) 1|55 |4AK[5 |33 |3
s 3 2 3425 | 1 > 12:9 % 2
r=v [1.7 [2.5 {143 | 1.6 |5.0 | 1.0 {12 1.5
1M 4m 2sm 1st loc |sm |sm ] m |st M m m
Chlozophytum 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 5 3 4 1 3 2 2 (2.8
r-v {1.7 {1.7 | 1.0 {6.0 {1.3 |2.0 ,2.0 {1,0
M 1m 4sm 1st loc |sm |sm M |st m |[sm |[sm M
C. caulescens ¢ |10 (10 {10 9 7 7 7 6 |8.25
(2n = 16) 1|8 |7 |6 {6 |5 |5 1|43
8 2 3 4 3 2 2 3 3

1M 2n 4sm 18t loc |st |sm m sm |sm sm m M
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TABLE _9

KERYOMORPHOLOGY IN SIX SPECIES OF ANTHERICUM

I II IIT| IV V VI VII..[V‘III MEAN
I
A. limosum 8 8 7 7 7 6 6 4 |6.63
(2n - 16) 6 .5 6 5 4 4 Y 3
8 2 3 1 2 5 2 3 1
r=-v| 3.0 1.7]| 6.0] 2.5 |13} 2.0 | 1.0 |{3.0
iM 1m S5sm 1st loc| sm | sm | st sm m sm M |sm
8 3 1 2 3 2 125 | 1
~v| 3.0 171 6.0] 2¢5 |1e3] 23 1.0 |3.0
iM 2mn 4sm 1st loc,; sm m | st sm m | sm M |{sm
A. pterocaulon I c 9 8 7 6 6 5 5 5 6.3
(2n = 24) 1}l 5 5 | 41 4 2.5
) 3 2 1 2 1 25
r=v 10’ 1Tt 25| 5.0 2:01] 4.0 |15 |10
i 5m 28n 2at loc|{ n m|sm | st [sm | st m M
A. pterocamlon II c 8 5 7 6 6 6 5 5 |6.25
(2n = 16) 1 5 5 4 4 %3 |1 351 '3 4
8 3 2 3 2 3 1251 12 1
r-v| 1.7 2.5] 1.3| 2.0 |1.0| 1.4 | 1.5 |4.0
M 4m 2sm 18t loc| m| sm m sm M m m |st
A. pubirhachis 7 6 | 55 5 5 14.5| 4 4 513
5 4 4 %Z (251251 3 3
s 2 21 1.5 2 251 2 1 1
r~v] 2.9 2.0! 2.7] 1.5 }|1.0] 1.7 ] 3.0 {3.0
IM 2n 5sm -st loc| sm | sm | sm m M m |sm |sm




SUMMARY OF SIMILAR CHROMOSOME SETS IN THE ANTHERICUM - CHLORCPHYTUM COMPLZX

A B c 1D
cls 6 5 7 774055 6.5 7 9.5 8 5 6
C. blervharorhvllum r-v|1.0 1.0 1.0 §:35 163 1.5 1.5 1.8 2.5 2.8:3.0 4.0 5.0
locl ¥ M M m m m m sm sm sm sm st st
cls 6 3 0.5 9 7 1 77 7.5 9 8.5
C. georhilunm r-v{1.0 1.0 1.0 1.3 1.3 1.3 1.3 1.8:1.8 2.0 2.0 2.4
loc| M M it - m m m m sm am sm
c 6 4 9 7.7 10 6 7 8
0. macrnrhe b
. zacmorhyllim ~v| 1.0 1.0 1.3 1.3 1.3 1.5 2.0 2.5 3.0
Loc M M - m m o sm sm sm
" C. inomatun &8 99 " 7 9.5
r-v|1.0 1.3 1.3 1.8 2.5 2.8 L
Loc| ¥ m m sm ' sm sm
C. laxum ¢ 6 9 I 1 6
e r-v 1.0 1.3 1.3 1.8 2.0
Loc M m m sm sm
c 8 6 7 7 8 6
AR, r-v{1.0 1.0 1.3 2.5 3.0 5.0
£. stenopetalum I Loc| H M n sm sm st
T19 & 9 10 7.5 6
2. stenopztalum IT r-v|[1.0 1.0 1.3 1.5 2.8 5.0
Loc| I M n m sm st
C. togoense [o] 8 5 9 ~, T 8 8
r-v (1.0 1.0 1.3 2.5 3.0 3.0
Loc| M M n | sm ‘sm  sm
T =
& c 6 T 5 6. i 7 6
1iamifol
. ald iz ~v| 1.0 1.3 1.5 1, ’ 2.5 5.0
Loc M m m m sm st
b4 cis8 5 7 | 6 T
r~vi1.0 1.0 1.3 i 2.0 0
Loc| M M m ! sm st
c. 6. 7 10 I 6 7
I o
C. cmulescens g 1.0 1.3 1.5 2.0 2.3 2.5
Lec M m m sm sm sm
. c 6 == 7. 6 7 8 4 T
== v 1.0 1.3 2.0 2.5 3.0 3.0 6.0
Loc ¥ m sm sm sm sm st
) i c 5 7 5.5 1 8 4
A. nubicum r-v 1.0 1.3 2.3 2.5 3.0 3.0
Loc 2 m sm sm sm sm
c 5 9 5 6 7 5 6
A. pterocaunlon I ~v 1.0 1.3 1.5 2.0 - 2.5 4.0 5.0
Loc RS n m sm sm st st
A, rterscaulon II c 6 T 5 6 7 -
r-v 1.0 1.3 1.5 1.4 1.7 2.0 2.5 4.0
Loc M m m sm sm st
c 5 5 6 7 5.5 4 4
A. pubirhachis =V 1.0 15 2.0 2.5 2.7 3.0 3.0
Loc M i m sm sm sm sm sm
s -
x5 ,
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TABLE 11

STATT STICAL ANALYSES OF CHROMOSOME COMPLEMINTS
OF TWO FORMS OF C, STENOPETALUM

’AU_..L
L |carco- | B |
CHARACTER FORM{ I |II |III} IV} V {VI |VII | MEAN |VARTIANCE [ATED ILATED ;?3'
t-value [F-RATIO | & |
i VAIWE E |
- { ; - P
TOTAL LEN . .
ori| 1|88 T{7[6]6 | TR 0810 |, 00 |5 088 bogl
OF
r-VALUE I |3.0}1. .0}2. . 011 . .
OF 3.0]1.711.0)2.5/1.5[5,0/1.0 | 2.214| 2.085 | a7 | 4,335 o
IT |2.3]1.311.0{1.4}2.8}2.0]1.0 1.688] 0.481
CHROMOSOME
CRITICAL ¢t - VALUE 1,782
TABLED VALUES OF F 4.38

8.47
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TABLE 12

CHIASMATA FREQUENCY IN THE POLLEN MOTHER CULLLS OF SOME

NIGERIAN SPECIES OF CHLOROPHYTUM ALID ANTHIRICUM

_ SPHCIES n NO TOTAL MEAN lr MEAN —].
ralue |OBS | CHTASMATA | CHI4SMATA/ | CHIASMATA/
2 : PM.C. BIVALENT
C. blepharophyllum| 14 |10 213 21.3 1.52
_C. macrophyllum 14 y 166 23.7 1.69
C. inornatum T8 204 13.6 1.94
C. laxum B 7 |10 137 1*3..7 1.96
C. stenopetalum I T bW 138 13.8 1.97
C. stenopetalum IT T, 10 141 14 41 2.01
C. togoense 7 -;— 110 13.75 1.96
p_q. alismifolium “_8 20 303 15,15 1.89
C. caulescens 8 110 161 16,1 2.01
A. limosum 8 |10 158 15.8 1.98
A. pterocaulon II 8 {10 159 15.9 1.99
A. pubirhachis 8 {10 154 15.4 1.93




.98 =

TABLE . 13
HIASMA FOBQATION AND TYPES IN TWO FORMS OF C,
OPETALUM
TAXON I|IT|III W Vi VI | VII
USUAL NO. 21 2|2 2 2 2 2
C. stenopetalum I | OF CHIAMATA
T ol T 2. PL-T.) T
TYPE
I |subj I pub, I |sub. 15
USUAL NO.
C. stenopetalun II| OF CHIAMATA|2 | 2| 2 | 2 | 2| 2|2
PR subgy T oD ) T i T
17T =k by I T iy
N.B, T. means Terminal chiasma
sub, " Subterminal chiasma

I.

Interstitial or median chiasma.



FIGURE 14

Idiogrems of some species of Chlorophytum and Anthericum
in Nigeria:
A, C. Dl rophyllum

B. C. ilum

F. C. stenopetalum I

J. C. alismifolium
K. Chiorophytum X
L. ( 0. caulescens (i. caulescens)
4.

N. A. nubicum

F
a
B

P. A. pterocaulon I
3

Q. « pterocaulon II
R. A. pubirhachis

f
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PLATE VI

Photographg showirg metaphase somati¢ chromosomes

ir some species of g_h_.l__o:;omy_tum:

a C. blepharoviylium. (2n = 28)
b €. zeophilum (2n = 28)
c C. marcophytum \2n = 28)
d C. inormatum (20 = 14)
e C. Jaxum (2n = 14)
£ L+ stenopetalum I  (2n = 14)
g C. stenopetalum II (2n = 14)
i C. togoenss (2n = 14)
J C. alismifolium  (2u = 16)
k Chlovophytum X (2n = i6)

. caulescens (L. cauwlescens) (2n = 16)

=
I
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PLATE _VII

Photographs showing metaphase somati¢ chromosomes in

sume species of Anthericum:

A A. limosum (2n = 16)
B A. pubicum (2nd= 16)
C'e A. pterocaulon I (24 = 24)
D 4. pterocaulon II'(2n = 16)
E. - A. pubirhachis® (2n = 16)
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PLATE VIIL

Photographs showing meiotic bivalent formations in

species of Chlorophytum:

>
L
]

. blepharo 1lum

B. C. macrophyllum

. inornatum
D. C. laxzum
E. C. gtenopetalum I

Q
-
12

P, C. stenopetalum II

Gs C, togoense

K. C. caulesnens (A. caulescens)
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PLATE IX

Photographs showing meiotic bivalent formations in

these species of Anthericum:

Al A. limosum
B-» A« pterocanlon I

C. 4. pubir‘hachis
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PLATE X
Photographs showing some irregularities in reproductive cells

of some species of Chlorophytum and Anthericum:

A. C. alismifolium showing two trivalents indicated with ( —> ) mark

B. C. alismifolium showing the pairing of two unequal chromosomes.

One of each bdvalent chromosome has a satellite.
™3 indicates the bivalents.

C. C. alimmifolium showing a pair of lagging chromosomes along the
equatorial plane in (i) while the bivalent is o
excluded in (ii):

D. Chlorophytum X showing non-formation of middle lamella initial
(MLI) plates in some pollen mother cells.

B. Chlorophytum X showing four groupings (2n = 16) of chromosomes;
two hexavalents and two bdvalents.

F. C. inornatum  showing four groupings (2n ® 14) of chromosomes;
three quadrivalents and one bivalent.

G. C, stenopetalumiIl showing anaphase bridge at anaphase I.

H. A.'pterocaulon II showing association of two bivalents in the

middle.

J. " 'C. caulescens showing anaphase bridge at anaphase I.
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KARYOMORPHOLOGY

In Anthericum genus, two ploid levels were found; diploids with
2n = 16 and a triploid, 2n = 24, In Chlorophytum species, three types
of chromosome complements were observed; diploid levels with-2n = 14
and 2n = 16 and a tetraploid level with 2n = 28,
There were no observable differences in numbers and bechaviours of
chromosomes of specimens fixed during field trips and thosc cultivatéd.
i, Q. blepharophyllum (Plate VIa), "i8 @ tetraploid, 2n = 28,
This complement ‘is composed of eight long and six medium pairs,
Four of the long pairs have centromere in the submedian region, at
the median point in one and in the median region in the remaining
three pairs, Two of the six medium pairs hewe centromere in the
submedian region,two. are subterminal pairs while the remaining two
pairs ‘are metacentri¢., The mean chromosome length is 7,0 microns,
The meiotic cell complement is composed of six bivalents, two
groups of associations cach consisting of three bivalents and four
wnivalents, (Plate VIIIa)

ii, C. macrophyllum (Plate Vic) is a tetraploid, 2n = 28, The
camplement is composed of ten long and four medium pairs, Four
of the long pairs have the centromere in the median region, three
pairs are submedian while the remaining three long pairs are sube-
terminal chromosomes, Two of the medium pairs are: metacentric

one pair is submedian while the fourth pair has the centromere in

1
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the median region. The mean chromosome length is 7.14 microns,
The meiotic complement is composed of fourteen bivalents
(Plate VIIIb)., Eleven of the fourteen bivalents usually have two
chiasmata each while each of the remaining three bivalents usually
hag one chiasm:, Meiotic division is normal,
11i. C, geophilum (Plate VIb) is a tetraploid, 2n = 28, The
complement is composed of twelve long-and two medipm pairg, Six
out of the twelve long poirs have the centromere in the submedian
region, in the median region in five pairs while the twelfth has
its own at the median point, The two medium~sized pairs hove the
centromere at the median point, . The mecn length of chromosome is
7.43 microns,
The plants did not flower before they withered and died, hence
meiotic behaviour could not be investigated.
iv, C. inormctum, is a diploid, 2n = 14 (Plate VId) composed of
seven long pairs, The cen_tromere in three pairs, is in the sub=
median région, in median region in two poirs while the sixth and
sefrenth pairs are metacentric and subterminal respectively, The
mean. chromosome lenzth is 8,93 microns,
The meiotic complement is composed of seven bivalents (Plc.te VIIIc).
Two bivalents form rings by having their chiacsmeta at their two distal
ends. One bivalent has one distal chiasma, In some cells, three
gquadrivalent associations and a bivalent are usually observed (Plate Kf)

in approximately 10% of the meiotic cells observed.
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ve C. laxum (Plate VIe) is a diploid, 2n = 14, The somatic
complement is composed of five long and two medium pairs, Two of
the five longvpairs have the centromere in the median region, while
the remaining three pairs have it in the submedian region, One of
the two medium pairs has its centromere at the median point while
the secand pair has it in the submedian region, The mean chromosome
length is 7,71 microns,

The meietic complement is made up of seven bivalents, Each
bivalent usually has two chiasmata, Meiotic division is normal

(Plate vIIIA).

vi, C. stenopetalum I (Plate VIf) is a diploid, 2n = 14, The
complement is composed of five long and +two medium pairs, Three
long pairs have the centromere in the submcdian region, one is
metacentric while the fifth has the median region, One medium—sized
poir has the centromere in the subterminal region while the second
pair is metacentric, The mean chromosome 1ength is 7.14 microns,

The me"iotic complement (Plate VIIIc) is composed of seven
bivalents, The mean frequency of chiasma. . formation is 1,97 as
presented in Table 72 Meiotic division is normal

vii, (. stenopetalum II (Plate VIg) is also a diploid, 2n = 14, The
complement is composed of five long and two medium pairs, Three
of the long pairs have the centromere in the median region, one pair

is submedian, while the fifth pair has its own at the median point,
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One of the medium~gized pairs hos the ceniromere in the subterminal
region while the second mir is metacentric, The mean chromosome
length is 8,0 microns,
The meiotic complement (Plate VIIIf) is composed of seven
bivalents with usually two chiasmata each, The mean freguency of
chiagma formation is 2,01, Tour of the bivalentg-hive their chiasmata
at their distal ends, The meiotic division is normal, However,
anaphase bridzes were observed ot the anaphise I in %% of the meiotically

dividing cells (Plate Xg)e

viii. C. fogoense (Plate VIh) is o diploid, 2n = 14; composed of six
lonz and one medium=sized pairs, The centromere is in the submedian
region in four long pairs, in the medion region in one and at the
median point in the sixth pair, The only medium~sized pair is
metacentric, The mean chromosome lenzth is 7.57 microns,

Meiotic complement (Plate VIIIz) is composed of seven bivalents
with a mean chiasma frequency of 1,96 (Table 12), The meiotic division

is normal,

ix, . C.alismifolium (Plate VIj) is a diploid 2n = 16, composed of
four-long and four median-sized pairs, fwo of the four long peirs
have the centromere in the submedian region, while it is in the median
region in the other two, The ceniromere is at the median point in one
of the medium~sized pairs, 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 VIITh) is composed of cight
bivalents. One of the bivalents has two distal chiasmata and
thus forms a 'ring', In over 70% of the pollen mother cells
investigated, five bivalents and two trivalent asgociations were
commonly found (Plate Xa)., The association is betwsen one bivalent
and one univalent of a bivalent which does not pair, It is
specifically between a 'ring' bivalent (i,c, chromosome v) and a
'rod! bivalent (i.e, chromosome vii), Two excluded chromosomes
(Plate Kc) were found along the equata®idl plone or by the sides
in 60% of the pollen mother cells investigated, It mey be that the
associated mnivalent chromosomes were those that were excluded, It
ig possible that the associnited wnivalent chromosomes were not
properly attached to the spindle during the late metaphase stage,
hence they were excluded at the anaphase stage of division,

Two bivalents are of vnequal sizes (Plate Xb)s This might
have resulted from the loss of a chromosome segument in one of the
pairs. The other possibility is that there was & spontancous
translocition 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 satellite,

X, Ehlorophytum X(Plate VIk) is a diploid, 2n = 16, composed of
five long and three medium - gized pairs., One of the five long

pairs is metocentric, two have the centromere in the submedian regionm,
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in the median region in one and in the sub-terminal region in the
fifth pair, One mediun-sized pair is metaceniric while the other
two have centromere in the submedian region, The mean chromosome
length is 6,88 microns,

There are irregularitics in the meiotic divisionms, Non—.
formation of middle lamella initial(MLI) plates at “telophasa I and
II is 2 common occurrence (Plate Xd), Therciare eight bivalents
(Plate VIIIj). 1In 23% of the pollon mothér-cells observed, four
groupings of chromosomes were found, This is made up of two
hexavalents and two bivalents (Plate Xe)., The anaphase stazes were
rarely observed,

xi, (. caulescens (Bak, ) Hfarais & Reily (_A_. caulescens) Plate VIE
is a diploid, 2n = 16;-couposed of seven long and one medium=sized
pairs, Three of the long pairs have the ceniromere in the submedian
region, in the /medisn rogion in cnother three pairs while the seventh
pair has its Centromere in tim subterminal region, The nediua-sized
pair ig ‘metacentric, There is a secondary constriction in
chromosome II, The mecan chromosome length is 8,25 microns.,

Meiotic division is normal in most coses (Plate VIIIk), showing
eight bivalents, However, few cases of anaphase bridges were

found, (Plate Xj).
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xii, A. limosum (Plate VIIH) 2 diploid with 2n = 16, composed of
five long and three medium-sized pairs., The centromers is in the
gubmedian region in three poirs, in the median region in one and
subterminal in the fifth long pair., Two of the nedium-sized pairs
have the centromere in the submedian region, while the third pair
is metacentric, The mean chromosome lenzth is 6,63 microns,

The meiotic division was normal, composed of eight bivalents
(Plate IXW), The frequency of chiasma formation (Table 12) is 1,98,

xiii, A. nubicum (Plate VIIbB) is a diploid with 2n = 16, with six

long and two medium~gized pairs,  Four of the six long pairs have
their centromere in the submedian region, one in the median region,
while the sixth pair has its‘own in the subterainal region, Onc of
the two medium pairs ig metacentric, whilc the other has its own in
the subterminal region, One of the two medium pairs is metacentric,
while the other ‘has its own in the submedicn region, The mean
chromosome length is 6,56 microns,

The plant did not flower before it died, hence meiotic
investigation was not done,

v, A. pterocaulon I (Plate VII&) a triploid, 2n = 24 is composed
of four long and four medium-sized trivalents, [Two of the long
trivalents have the centromcre in submedian region, in median region

in one and in the subterminnl rogion in the fourthe - .°  One of the
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medium—-sized triads has the centromerc at the median point, in

the median region in another, submedian in the third while the
fourth has its own in the subterminal region, The mean chromosone
length is 6,56 microms,

The plant did not flower before it withered and died.

xv. A. Bterocaulon IT (Plate VIId) is a diploid, 2n =16,
The somatic complement is composed of three long and five medium
pairs, Two of the long pairs have their contremere in the submedian
region while the third has its own in phe median region, One of the
five medium-sized pairs is metacentric, two have their centromere
in the median region, submedion in.another while the fifth has its
own in the subterminal reogion,  The mean chromosome length is 6,25
microng,

The meiotic division is normal, Th: complement is composed of
eight bivalents (Plate IXb). However, association between two bivalents
is observed (Plate Xh) inq3.4% of the pollen mothor cells observed,

The frequency of chiasma. formation is 1.99.

xvi. A. pubirhachis (Plate VIIZ) is a diploid, 2n = 16, The complement
is composed of one long and seven medium-gized prirs, The long pair
has the centromere in the submedian region, One of the medium~gized
pairs has the centromere at the median point, it is in the median region
in two, and in the submediaon region in the remaining three pairs,
Endomitosis occurs in 81% of the cells investigated. The mean chromosome
length is 5,13 microns,

The meiotic division is usually normal, The complement is composed

of six bivalents and one quadrivalent,
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DISCUSSI

Cytological results have been found useful in solving taxonomic
problems, The usefulness of cytology in analysing the .possible
relationships between Anthericum and Chlorophytum complex camnot
therefore be ignored. The chromosome is a stable and definite
species character as it has been found in other plamts. Within
the same sposier, indivisuals usually have somatic and meiotic
chromosomes of reasonably constant morphology (Marenah and Holden,
1967). As can be seen in Tables 8 and 9, Plates VI, VII ., VIII
and IX, each species has its own specific karyotype morphology, even
though similarities exist in the whole complex., The summary of
similarities and specificity of the chromosomes in the complex
(See Table 10) reveals that no two species have the same complement,
The tetraploid complements 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 min thickness helps to have standardised measurements of the
chromosomes. The means for indivisual chromosome lengths in each
species and far each species, as presented in Tables 8 and 9, show
that the Chlorophytum species have larger chromosomes than gnthericum.
Taking C. alismifolium and Chlorophytum X as intermediates, as
suggested earlier, the mean chromosome length for Chlorophytum ranges
frem 7.0/u- to 8.93/n., while those of Anthericum range from
5.13}::1 to 6.56 )ll. The mean value for



C. alismifolium and Chlorophytum X are 6,38 umand 6.88uamrespectively,

The total chromosome length for Chlorophytum ranges from 50 Ul o 66un ”

while those of Anthericum are from 41 ugto 53 mm. Those of O, aligmifolium

and Chlorophytum X are 51,0 umend 5%m yespectively, It therefore sccums
that species having their bagic chromosome nunber as n = 8, except
C. caulesceng, have smaller chromosomes than those in which the basic
number is 7,

A bagic cause for differences in chromosome gize émong related
species is the genotype (Thomas, 1936; Rees, 1961; Fernades, 1961; and
Jackson, 1971). Other sources of diffefences in chromosome size among
related taxa are not completely cxplicit and they can only be hypothesized
(Tobgy, 1943; Stebbins, 1950 and Brown, 1966). Navashin (1934) reported
more varied chromosome sizeg-in parent cells of Crepis than in hybrid cells,
Tobgy (1943) could not observe such differences in the chromosomes of
Crepis neglecta and C, fulignosa and their hybrid, He therefore postulated
that the size of chromosomes is independently controlled by genes located
close to the céntromere, Olorode (1973} warking on Emilic, went further
to postulate that a single gene producing a genome-specific and genome-v
wide effect with respect to contraction of chromosomes in hybrid cell
appears more plausible, if the difference in size is considered to be of
genetic origin, Thus the differences in the size of chromosomes in the
Anthericum and Chlorophytum complex is possibly due to genetic constitution

of the complex,



- 113 -

Three chromosomal levels are found in Chlorophytum: diploid levels

with 2n = 14 and 2n = 16, and 2 tetraploid level with 2n = 28, In

| thericum, two chromosoml levels are found; o diploid with 2n = 16 and
a triploid level of 2n = 24, Thus it is not possible to separate the
two genera on the bagis of their basic chromosome numbers as suggested
by Baldwin and Speese (1951) and Darlington =nd Wylie (1955).

C. elatun R,Br, has been reported to be 2n = 28 by many workers
including Storey, (1968; Koul, (1970); and Zama & Mating(1976) while Deshpande
(1955a) recorded 2n = 32 for the same species, “Also ¢, laxum (african
species) has been reported to be 2n = 14 while the Indian material is

2n = 16, The two populations thus have their basic numbers as 7 and 8,

-

Ploid levels reported for C, orchidastrum are diploid, 2n = 14
(Boraiah ond Fathimn, 1971; Sheriff and Rao, 1971), tetrarloid, 2n = 28,
hexaploid, 2n = 42 (Jones & Smith, 1967; -nd Sheriff, 1967), while
Larsen (1963) reported it to be octoploid 2n = 56, These differences
in chromosome numbers may possibly be dve to various degreecs of
endomitotic phenomena which the workers might not hive taken into
consideration.. The other possibility is ‘thrz-t gome endomitotic cells
might give rise to different polyploid levels sincc these plants propagate
vegetatively very easily,

However, in this work, chromosome countz for Nigerian species of

C. inornatum, 2n = 14; C, macrophyllum, 2n = 28; C. blepharophyllum,

2n = 28; C. geophilum, 2n = 28; C, stenopetclum I, 2n = 14; C, stenopetalum II,
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2n = 14; C, laxum, 2n = 14, and C, togoemse, 2n = 14 agree with the basic

number of 7, On the other hand, C, alismifolium, 2n = 16; Chlorophytum i,

2n = 16; C, caulescens, 2n = 16; A, limosum, 2n = 16; A. nubicum, 2n =16;
A. pterocaulon I, 2n = 24; A, pterocaulon II, 2n = 16; A, uyuiensg,
2n = 16; A, pubirhachis 2n = 16 have their basic chromosome.number as 8.

The basic number 8 recorded for C, alismifoliwa and Chlorophytum X has

been reported by some workers on these and other Chlorophytum species,

Chlorophytum species with basic number of 8 are €, alismifolium 2n = 16
C. fuberogum, 2n = 16, C., acatile 2n = 16; . glaucuum, 2n = 16 and

C. bharuche, 2n = 16 (Kumar and "Rao, 1938; Sheriff and Chennavceraiah,
1972; Naik, 1976), C. comosum 2n = 24,C; steruberzianum 2n = 24,

C. bracteatum 2n = 48,C, elatum 21 = 32(Schnarf and Wunderlich, 1939;
Deshpande, 1955a; and Jones & Smith 1967), 'The 2n = 16 reported for

Chlorophytum X in this work-does not agree with the 2n = 28 and 2n = 32

reported for C, elatum var. variegatum (Deshpande, 1955a), hence this
taxenmay not be C, glatum, Storey (1968) renorted varied chromosome
numbers in the same root tip of C, elatum ranging from 2n = 28 to 56 aud
84 and even 112, Deshpande (1955b) reported 2n = 24, 32 and even 64 for
A. yarigzatum Hort ex Fl.)a synomyn of C, elatum,

Other species in this complex having chromosome numbers with
different basic numbers have been re‘ported. For example C., khasiamunm
2n = 22 and 2n = 30 (Jones and Smith, 1967; and Sarkar et. al, 1973),

L. lonzipedunculatum, 2n = 46 (Riley, 1962)’ A. liliago, 2n = 64 and 2n = GO
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and A, ramosum 2n = 32 and 2n = 30 (Elvers, 1932; Strandhede, 1963)

have been recorded, These confusions might have been due to mistaken
identity or as a result of hybridization between those having basic
numbers of 7 and 8, The complement of such hybrid would be composed

of two similar but not necessarily zenetically identical chromosome

sets, In order to ensure normael meiotic division to oberate, there would
be chromosome doubling which might have resulted in a tetraploid with

2n = 30 and octoploid with 2 = 66. The diploid C. khasiamum, 2n = 22
might have been due to coumting of chromosome fragment along with the
other chromosomes (i.e. 21 chromosomes + 1 fraguent chromosome = 22),

A similar condition has been reported in Urginea altissima by Oyewole,

(1980) in which two fragmental chromosomes were counted along with the
normal 20 to give 2n = 20 + 2ff =22, The 2n = 46 recorded for
C. longipedunculatum by Riley (1962) might have been due to loss of a
pair of chromosomes from a -2n = 48, In the same way, 2n = 30 and 2n = 60,
night have been derived-from 2n = 32 and 2n = 64 respectively, In the
light of the above argument, one cquld fairly accept the basic chromosome
nunbers for the complex as 7 and 8 (Darlington & Wylie, 1955),

The chromosome morphology reveals a lot of similarities between
the species of the same genus and between the two genera (Trable 16), These
similarities can not be accidental, for they migzht bave been responsible,

at least in part, for the high degree of vegetative morphological
similarities in the genera, Thou~h close similarities in chrorosome

morpnoLogy mnay not in itself indicate a genetic
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relationship as stated by Smith (1933), Dobzhansky (1935), Stebbins
(1950) and Jones (1970) but a correlaivion between the vegetative
morphological similarities and chromosome morphology in the two jenera,
presupposes a level of :enetic relationship (oyewole, 1972, 1975). These
similarities in the karyotype: and phenotypes possibly suggest a common
evolutionary ancestry far both genera,

Bvery species of both genera has at least one me tacentric
chromosome almost of the same size and a subterminal chromosome &s can
be seen frou Tables 8, 9 and 10, A closer look and careful studies of
the chromosome lengths and morphology have led to the identification of g
basic chromosome.number of 44, (These are titled 'hypothetical
original chromosomes A, B, Cyand D' in bath genera. Each
hypothetical chromosomé is duggested as follows:

HYPORHEITCAL ANCESIRAL CIROMOSQMES OF
Al CHERICUM AND CHLOROPHYIUM COMPL.K

Chromosome ) A B G D

Absolute Tength (um) gla - 109908 - 1117 ~1D

Long arm (.um) 1 4 G ' 7 8
t

Short arn (um) 3 4 4 | 3 2

r - value \ r—J 1,0 1.9 :F 245 4.0

Location of centromere] loci M m
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These hypothetical ancestral chromosomes, dug to translocations,
inversions, loss of chromosome segments, breaks and bridges and lLoss
or fusion of chromésgmes ﬁay have resulted in their present
forms as presented in Table 10.

In spite of MY structural chanzes thev: miht have occurred in
these 'hypothe ticul chromosomes', their morphologies are still somehow
retained. The total haploid chromosomes found in.the taxa investigated
is 141, Out of this,17.7% are metacentric (i.e.’chromosome i) while
36,17% of the chromosoues have their centromere in the wedian region
(i.e. chromosoume B)., Submetacentric chromosome C claims 34,04% while
12,0606 are subterminal chromosome D type. A loss or gain in chromosome
lonz or short arms will alter its r=value, It is therelfore reasonable
to suggest that some metacentric chromosomes and a few of submetacentric
cliromosomes contributed ‘to the high percentage of chromosomes in B
chromosome group, In'like manner, some chromosomcs originating froa D
chromogome mizht have been modified into submetacentric C chromosome.,
The alterations in the morphology of D chromosome is expected, since
subterminal or acrocentric chromosomes are more inclined to structural
and morphological changes (Stebbins, 1971).

The speculation here, is that the bagic chromosome number for the
two genera is 4; which possibly had the same morphology as the sugrested
hypothetical chromosomes, It is also speculated that there were two

closely related individual taxa with 2n = 8 which were the ancestral
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Parentsy of these genera, There was posdl bly inter—breeding be tween
the ancestral parent taxa, Since similar and/or identical cliromosomes
in related species, may not be 100% identical in gene arrangements,
it is speculated that the genome of the cross or hybrid was followed
by chromosome doubling, Plants in this complex propagate: both vegetatively
and sexually, Endomitosis is commonly reported in these plants. The
other speculation is that a hybrid with 2n = 8 had some endomitotic cells
which propagated vegetatively to give rise to 2n = 16 plants,

Some chromosomil aberrations and alteraiions in the cytoplasm arising
from the initial hybridisation accumrulated/and resulted in different
gene arragements plus cytoplasmic geneiic\materials (e.g. cytozenes),
These new gene arrangements eventually lé¢d to morphological changes and
speciations,

Evidence. of chromosome altcrations D28 been reported in these
genera, Thomas (1959) repocied spontaneous reciprocal translocation in
L. hynei involving satellites. Chromosome inversions and translocations
have been observed in\C. comosum by Sheriff (1967)., The pairing of unequal

chromosames in“twQ bivalents of C. alismifolium has been attributed to

either losg"of chromosome segments or reciprocal translocations (Plate Xb)
by the present worker, This can not be & genetic mechanism to transmit
the pair of univalents, because the trivalents are still clearly
observable in the Plate, However, this is an evidence of chromosome

alteration,
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Though translocation io not very significant in plant evolution,
taxonomic relationship is usually correlated with gimilarity in
chromogome morphology (Hollingshead and Babcock, 1930; Babcock and
Cameron, 1934; and Levan, 1935). On the other hand, Ahmad etlal (1977)
have gsuggested that chromosome inversion plays some role in dselating
two groups of soybeans growing in the same zeozraphical™area for centuries,.
It is therefore reasonable to deduce that cwiulative translocations and
inversions in the chromosome complements of Antherigum and Chlorophytum
might result in re-arrangement of genes on the chromosomes which affected
their phenotypic characters and effected theéir separation.

Tauber and Tauber (1977) had showi/that tuo unlinked autosomal loci
resulted in different photoperiodic résponses in a crous of Chrysopa
carnea X Chrysopa downesi. Harlan and De Vet (1977) observed unusual
phenotypic characters in maize as a result of genetic transfers from
Tripsacum to maize in mwhlge X Tripsacum cross, Jsefinitely any accidental
cross between two reldated taxa will have more than two unlinked autosomal loci,

when this is /coupled with genetic transfers, it will lead to some
physiologicaly.morphological and anatomical differences, thus cumulating
in phenotypic characters, The stabilisation of these differences will

undoubtedly lead to speciation which may get as far as generic level,

MEIOTIC IRRECGULARI ITLS

Zama and Metin (1976), analysing the meiotic irregularities in

C. elatum (2n = 28) believed that C, elatum i¢ an allotetraploid.
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Storey (1968) suggested that the fomation.ozf sesquihaploid and hemi-
haploid cells in pollen mother cells of C. elatum (2n = 28) is evidence
of its being an autotetraploid. Meiotic abnormalities or irregularities
have been suggested to occur through four causes, which are; by
hybridity, unbalanced chromosome complements, unfawourable climatic
conditions and mechanical injuries and changes in tempersture (Stebbins,
1971). Olorode (19’72) attributed meiotic irregularities in some
Nigerian plants (e.g. multivalents and univalents, laggards and non~

dis junctions) to structural heterozygosity or polyploidisat ion.
Structural heterozygosity may originate from hybridisation of taxza

that differ by a number of chromosome re-arrangements or from spontaneous

chromosome re-arrangements (Star, 1970). The considerable amount of

meiotic irregularities in Hyparrhenia involucrata and H. subplumosa
made Olorode (1973a) suggest that they are polyploids which originated
in the recent past.

The formation of multivalents and uniValetxts, laggards and
non-disjunctions in Chlorophytum X with 2n = 16, is evidence of its
being a polyploid which originated in the recent past through structural
heterozygosity. Meiotic irregularities in C. efatum have been reported
from“South Africa and Bangladesh and thus it may not be due to climatic
conditions. The view that the irregularities in this taxon is due to i
polyploidy has been held by Storey (1968) and Zama and Matin (1976).

Moreover, the non-formation of middle lamella initial in this taxon,

and the four groupings of its meiotic chromosomes possibly suggest that
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Chlorophytum X is a poiyploid which has not stabilized, If Chlorophytum X

(2n = 16) is a polyploid, pocsibly an allotetraploid, then its basic
chromogome number is 4, This view is further strengthened by the four
groupings of the chromosome coriplement during meiosis (Plate Xe). Nailk
(1977) working on Indian species of Chlorophvtum also believed-that the
basic chromosome number for these plants is 4.

Non-formation of middle lamella initial to separate the four daughter

cells in Allium odorum and Crepis virens has been atirihuted to low

>

temperature (Yasu),1931). Devise (1922) working on Papaver samniferui X

P. orientale concluded that the non-formation of middle lamella initial
was due to simultaneous pollen dyad and tetrad formations, The non~
formation of middle lamella initial.im Chloroghfgmn X (Plate Xd) is
possibly due to simult&meous formation of dyads and tetrads, for other
stages of meiotic division|were not clearly observable,

The formetion of three quadrivalent associations and one bivaient
in C, inornatum (Plate Xf) suggests that a bivalent mizhi have been loui,
Each quadrivalent seemingly hag  the same origin (Moore, 1976) while the
bivalent might have lost{ its second bivalent, either through fusion
and/ or translocation to other chromogomes., However, the four groupings
pre-suppose that the taxon arose from a lower chromosome bhasic number
probably 4,

Allopolyploidy is known to have played an important role in plant‘

evolution, It is modified by the action ¢” duplicate genes and by factors
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which were once identical, differentiated and govern the same character
in different ways (Lawrence 1931)., Environmental conditions have been
suggested to influence pairing in chromosomes (Ahmad, et. al, 1977).
However, the importance of environmental factors in influencing genetic
manifestions rests in their independent changes to which sgpecific. genes
respond differently (Kenneth, 1975), Thus allopolyploidy-and environmental
factors coupled wi’ch\ chromosome inversions, translocations, gene
mutations and spontaneous re-arrangements in some particular chromosomes
affect plant genotypes which manifest in phenotypic differences., Changes
in the phenotypic characters will lead to sheclation, These taxa, which
have the same ancestry have now diverged in-gsome way to reach generic
levels with some intermediates,

The possible evolution of the 'secondary! basic chromosome numbers
of n =7 and n = 8 have been(arguéd in both ways., Sheriff (1967Y and
Naik (1976, 1977) strongly believe that the n — 8 is more primitive and
has less specialised Karyotypes than n = 7, Thus, they suggested that
n =17 evolved from ni= 8 by elmination of a pair of chromosomes, On the
other hand, Baldwin and Speese (1951) argued that n = 8 evolved from n = 7
by duplication of a chromosome,

Naik!s (1977) argument was based on his study of C., lagum, Ke
observed two lagging chromosomes in the Indian species with 2n = 16 which
he believed had been lost in the African species by elimination, In suppor?t

of his view a pair of laqgging chromosomes i. observed in C, alismifoliun,
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2n = 16, The elimination of this may result in n = 7, But this idea may
not likely hold since this taxon is partially sterile. 1In most cases,

only one or two fruits develop in an inflorescence having ien or more
flowers., It thereiore means that the lagying chromosowe must.be important
in fruit development, thus their elimination will lead to_stérility. But
the C. laxum, 2n = 14, is fertile. Thus the lazging hoinologous chromosomes
might not have been eliminated., Moreover, the total @nd mean chromosome

lengths in Chlorophytum (n = 7) are greater thanthose yith n = 8, It is

thereifore most unlikely for smaller chromosomes. to give rise to greater
total chromosomes by elimins tion,

Baldwin and Speese (1951) bosed~theéir own argument on C, alismifolium,

2n = 16, They observed a trivalent:and a univalent in the metaphase I
chromosome of the plant, Thei then believed that one of the chromosomes
.duplicatedyresulting dd n = 7. In support of his view

two trivalentis were observed in C, alismifolium by e present worker in

over 80% of pollen moiher cells observed (Plates Z a & b). There was
no record of 2 awivalent as claimed by earlier workers, I believe that
the two propositions are possible, The gxcluded pairs of chromosomes in

C. laxum(Waik, 1977) and in C, slismifolium (Plate ic) were not actually

eliminated, fThese chromsome(s) or chromosome fragmenis possibly fused
with other chromosomes to give rise to n = 7, hence basic number 7 is
derived from 8 by chromosome fusion and not by climination as suzgested

by Naik (1977). This phenomenon has been rcported in Drosophila,
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D, subobscum (n = 6) is believed to have given rise to D. pseudoobscura
(n = 5) by a fusion of two chromosomes, In the same way D, melanogaster,

(n

Tobzy (1943) has suggested that Crepis fuliginosa, n = 3 was derived from

4) evolved from D, pseudoobscura (n = 5) ( Patterson, 1978).

il

the closely related C. neglecta (n = 4). Sherman (1946) also believed

that Crepis kotschysna, (n = 4) was derived from C. fogtide (n = 5). It

is my belief that one of the chramosomes which origzinated from hypothetica
chromosome. D possibly fused with one of the submetacemtric chromos mess
Four of the eight taxa having their 'segondary'! basic number as 3

3

(.05 Chlorophytum X, C, alismifolium, C. caulcscens, and 4, pterocaulon II,

show some meiotic irregularities, They hove more primitive chromosones.
These algd support the view that the m = 8 taxa are more primitive

than those with n = 7 (Faik, 1977).

CHLOROPHYIUM STENOPETALUM COIPLEX

Two C. stenopetalum populations were investigated., 7The variation
in the chromosome lengths of both populations was statistically analysed
and shown in Table 11 . For record purposes, the populations ars denoted

as C. gtenopetalum I and C, stecnopetzcium II. The separate variance ¢ model

test of the mean chromosome lengths and r-values show less t values thin

the critical t values, hence the varictions are dus to chance alone. Wiz i -

ratio values far the homogeneity of wvariances of the characters are also

less than the tabled F values, Since the tabled values exceed the



computed F values, one may consider the variance in the two populations
to be homogenous(Pophan and Sirotnik 1973). This is expected since the
whole genera arose from the same ancestral parents.

The formation of chiasmata in the bivalents of the two populations
is remarkable (Plateswiie& f). As can be scen in Table 1%, only
chromogome III of both populations has the same typc of ‘chiasmata (i.e.
terminal and interstitial chiasmata), Chiasma formabion is genetically
controlled, Hence differences in its formation indicate a degree of
genetical differences (Rees 1961),

On the bases of mitotic and meiotic studies, and the morphological
differences stated earlier in this work, it is strongly ' believed. that

the two populations should be sepdrated as different species,
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CHLPTER 6

HYBRIDIZATION _TESTS

Inter-generic hybridization tests were made between Anthericum

and Chlorophytum species, with a view to identifying the extent of

their genetic affinities.

The studies of £he morphology, cytology, flowering periodsg and
fruiting in the plants were done in 1977. These studies.were necessary
to observe and select the "marker" characters of the plants to be
used in crosses,

In 1978, crosses were made between A. limosum, £,& caulescens and

C. alismifolium on the basis of their chromosome numbers (en = 16).

L. laxum with 2n = 14, was also involved in the crosses on the basis
of its seeming intermediate morphological position.
In 1979 amd 1980, crosses were carried out on A. limosgun,

A. pterocanlonll, A. pubirhachis, C. caulescens and between C. laxuw, .

Chlorophytum X, C. alismifolium, C. togoense, C. ino¥matum and C.

blepharophyllum. Three sites were used for the hybridization tests:

i, Nursery, Botany Department, University of Ibadan,
ii, TIlese, in Ijebu-Ode District of Ogun State;

iii, Botanical Garden University of Ibadan, Ibadan.
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METHOD

(i) CROSSES:
Bach of the three Anthericum =mpecies was used as both recipient
and donor for ewery one of the eight Chlorophytum species. At
least ten individual plants were used as female parents . fOr each
combination. At least ten flowers of each individual plant were
involved in the forty-eight combinations, hence over ten
thousand crosses were made. The flowering period in these plants
overlaps between February and September. This ensured crosses
for at least six months.

(ii) EMASCULATION:

{iii)

Plants meant for crosses were separated from others during
flowering. The anthers of-recipient plants were carefully removed
in the morning when the flowers were just opening so as not to
injure the stigmas, " The removed anthers were put in alcohol so

as to kill them-and thus prefent accidental pollination from

them by wind, . The anthers were removed so as to prevent self-
pollination. The donor plants were kept at a distance to

prevent accidental pollinations,

ARTIFICIAL POLLINATION:

The anthers usually dehisced around 12,00 noon and the stigmas

~ were usually ready to receive the pollen grains from the same
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time till 6,00 p.m. The stizma was usually identified as being
ready when it contained some watery substance. Some good and
well placed flowers on each recipient's inflorescence were
selected for hybridization while others were destroyed. The
whole donor flower was removed with a clean pair of forceps
fron the donor plant. The pollen grains were carefully dusted
on the stigmas. The whole inflorescence of the recipient plant
was then loosely covered with polythene bag which was then tied
around the peduncle, The covering of the flowers waa to rrevent
pollen grains from other plants or flowers being blown by wind.

POLLEN GRAINS VIABILITY TEGST:

Ten flowers with dehisced anthers'were collected from each species.
The pollen grains from each, flower were dusted on clean slides

one after the other. They were then stained with 2% acetocarmine
solution. Bach slide was carefully covered with clean cover-siip
and observed under light microscope. Properly-stained pollen
grains containing nuclei were regarded as being viable. Those

that were-empty and/or slightly stained were regarded as being
aborted. The aborted pollen grains were counted in each field

of view of the light microscope. The whole number of pollen

grains viewed at different fields of view were counted gegether.
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The total number of pollen grains and the number of aborted
pollen grains were eecorded for each species. The percentage
viability was calculated by subtracting the number of aborted
pollen grains from the total pollen grains recorded. The
difference was then divided by the total and multiplied by 100.
i.e. T - a (o)
bt .y . 100 /g

R
where T means the total number of pollen grains.

a means the number of aborted pollen grains.

GERMINATION OF POLLEN GRAINS

The hanging drop method devised by Oyewole (1979) was used.
Mature pollen grains from dehisced anthers were dusted on a
clean slide. A drop of distilled water was added. The slide

was then turned face-down and hung over an opened cover-slip case
in which distilled water was put. The coverslip case with the
slide were placed inside labelled petri dish containing distilled
water., It was then covered'and set up in the Laboratory,
Department of Botany, University of Ibadan [for 12 hours, 24 hours
and 36 .hours. The number of pollen grains and those that
germinated were counted in five plants for each species after

24 hours and recorded. The average was found for each species

and expressed as percentage.
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Germination of pollen grains on
with hand lens. In some cases,

removed for examination under a

RESULTS:

The percentage of pollen grains
of pollen grains in the species

are presented in Table 14.

stigmas was also examined
the whole pistils were

light microscope.

viabildty ‘and germination
®

invilvell in the cross

{

The results of hybridization fests in some Nigerian

species of Anthericum and Chlorophytum are presented in

Table 15.
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TABLE

POLLEN GRAIN VIABILITY AND CGERMINATION OF SPECIES INVOLVED

IN HYBRTDIZATION

POLLEN GRATY VIABILITY {POLLEN GRAIN GERMINATION
Fr ve. NO. OF | % OF | Mo. 0. OF |% oF

e OBSERVED| VIABLE | VIABLE | OBSERVED| GERMINA{P.GRAIN
P.GRAIN P.GRAII“.TJF TED-P. |GERWMIN-

GRAINS JATTON

C. blepharophyl lum 1000 927 92.7 156 82 52.6

C. inornatum 1000 960 96.0 440 337 76.6

C. laxum 1000 817 8147 610 131 215

C. togoense 1000 | 980 {5-98.0 510 | 241 | 86.5

Co. alismifolium 1000 685 8.5 750 188 25.1

T
Chlorophytum X 1000 368 36.8 252 4 146
§

C. caulescens 1000 938 93.8 620 409 66,0

A, limosum 1000 507 50,7 675 o) 4.0

A. pterocailon IT 1000 | 635 | 63.5 150 5 3.3
j S

A+ pubirhachis 1000 534 I 53.4 12u 49 40.8

e o

v ik
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TABLE -15 -

RESULTS OF HYBRIDIZATION IN SOME NICERIAN SPOCIES OF ANTHERIUM AND CHLOROPHYEUM

SPECIES C. alismifolium O, Co laxum L. inornatum C. ¥opoense {C. blephsrophyllum
2n = 16 2n = 16 2n = 14 2n = 14 2my="14 2n = 28
Pollen tubes Pollen tube Syngany Syngany Syngany Syngaay
C. csulesoens produced, produced. occurred occurred occurred oceurred
ESEES e Zygote formed. Ho. synganmy
2n = 16 No syngamy , No pollen Syngamy Syngamy Syngamy Synzany
germination gccurred occurred occurraed occurred

Short pollen

Pollen grains-

Pollen tubes

Pallenwtubes

.Pollen tube

Pollen tubes

. rmine a4 »ad ~ vl a OO d
A. limosum tubes formed germinate but produced prodguce produced produced
b i very shor$
‘[pollen tubes

2n = 16 hyrin o v

Long pollen tubes|No pollen Syngany, Syngamy Syngany

but nc syngamy. jgermination occurred occurred occurred

Péllen tubes Long pollen | Pollen tube Short pcllen Syngamy
A. pterccaulon II producad . tubesyformed! formed tubes produceq occurred

2n = 16 Al : 2, )
5 Syngamy cccurred |No pollen any Syhgany Syngany Syngery
in some cases, germination caucurred occurred occcurred occurrad

Short pollen

Pollen usually

Short pollen)

Long Pollen

Short pollen

A. pubirhachis tubes germinate tubes formed} tubes formed tubes produced
2n = {6 Very short pollen|{Nowpollen Syngany Syn}amy ‘Syngamy Syugemy
tubes produced germination . occurred occurred occurred occurred




- 133 .
DISCUSSION

The non-formation of mature fruits in A. limosum, 4. pterocaulon II gnd
A pubirboachig in cultivation, may be one of the possible causes of

non-formation of matured seeds in the crosses involving these plants.

The fact that A. Limosun, A. pterocaulon IT and i. pubirhachis

| propagate vegetatively in cultivation may be a means of sglection to

favour a few hishly distinctive genotypes (Brandshaw, 1971 .. Geographical
preferential selection of habitats by plants has been known to lead

to genetic isolation. A4n extreme case is the two populations of

agrostis strolonifera which failed to hybridize even though they were

just about one metre apart along a slope. (4Ston and Brandshaw, 1966).
Thus the geographical distr'ibution 0f/ the two genera (Map 11) may be
another possibility. Anthericui species are usually collected from

the savamna zone while Chloromnhytum species do well in the southern
forest zone.

It has been experimentally proved that production of flowers and
fruits in Pairie 4all.grasses reduced when the plants were protected
from grazing, wowing, and/or burning (Veaver and Pitzpatrick, 193%4;
Weaver and "Rowland, 1952; Kelting, 1954; kucera and Koelling, 1964; Elroy
and Parenti, 1978). Though mechanical rewoval oi the Pairvie
grass litter by clipping or mowing usually resulved in increased

numbers of flower culms and productivity (Curtis and Partch, 1950;
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Penfound, 1964; Hulbert, 1969; and Richards, 1969), mechanical

removal of leaves from A. limosum, A. pterocaulon IT and A.

pubirhachis did not improve fruiting but flowering. Thus, the non-
production of matured fruits in these species is probably due' to
their non-subjection to natural burning, since they were collected
from savanna vecetation which is usually subjected to.annual burning.
Elroy and Parenti (1978) proved that the average s6il. temperature -
of burnt area in July was markedly higher than<the area which was

not burnt up till September. He recorded imereased occurrence of
anthesis and higher fruiting in the burnt area than the area which
was not burnt. The non-successful crosses between Anthericum species
and the Chlorophytum species may‘prcbably be due to the absence of
burning of the Anthericum species. The burning may be necessary to
increase their soil temperature and soil chemical redistribution
which are possibly egsential for their fruit developments. The
suggestion supports -the above observations in Pairie grasses and

that of Oyewole/(7976) in which he was able to induce flowering in
a species of\Urkinea (i.e. U. gigantea) in Nigeria by burning.
Burning of the plants was not done early enough, since one continuously
expected fruit formation from the €rosses and from che many flowers
produced., However, some of the plants have been subjected to

burning but their results are not yet available at this stage of writing.
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The failute of crosses between (. caulescens, C. alismifolium,

Chlorophytum X (with 2n = 16) may be attributed to partial cross-

incompatibility as observed by Prentice (1978) in Silene section

E;igggygg (Caryophyllaceae). C. alismifolium is partially steride,
Only one or two fruits usually develop on each of its infloxestences
out of more than ten flowers. The partial sterility_?s pOSSibly
'due“t§-ité meiotic ifregulérity. 'dn-fhé o£hér hand,'gglgégpgxigg ; Sl
is sterile. There was.only a few frqits formed im this plant

throughout the four“fé%fs of study. The non-fifgiting is due to

its meiotic irregularities as highlighted im Chapter 5. Thus the

4 %

v

unsuccessful crosses involving Chlorophytum X and C. glgggifoligm is
dve to their meiotic irregularities‘;;d low level ,germination of
their pollen grains (Table 14).
There are zygotes and fowrfial fruit formation in C. alimmifolium ¥
-C. caulescens crosses. ~ihe Pruits failed to-matufe. Small aborted

seeds were found ingide.the fruits. This nay bs due to giris

M - R N A ol .
S NPT en W T, BT B A S SRS AR S S e SR o5
i"C\‘c PECLALLLINY L. TWo CNOINES a8 & el

P PPy o PP W PSR AL e -
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- a2 . ” -
AT RS ol e e e o Py L5 Sinns RwARAT A
SRS IABLGL0N e ~id LIS PDCCADITOCL.L CLOUSes e 100
& & ol |

zygote formation was observed as can be seen in Table 15. This
.

pbservation agrees'with the results reported by Philippi.(1961),

Harney and Chow (1971), Harney (1976), and Coffin & Harney (1978) in
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their work on Pelargonium X hortorum X F. domesticum, and P. hortorum X

P. peltatum, in which they observed zygote formationgonly in reciprocal

Crosees.

POLLEN GRAINS STUDY

Pollen grain viability tests had been commonly used to assess
fertility in plants. The present study showed that high percentage
of pollen grain viability does not necessarily mean high germination rate

of pollen grains. As presented in Table 14, C,‘@aulescens has

high pollen grain viability of 93.8% while.only 66% germinates.
On the other hand,C. togoense has 98% of i%s pollen grains viable
and 86.5% germination., This means that’a seemingly viable pollen
grain may not contain all the necessary genes for pollen grain
goermination and conscquent pollen tube developments. The oecurrence
of non-disjunction in meiotic cells of (. caulescens possibly
accounts for its relatively low pollen grain germination. It is
also evident from_the same Table 14, that low pollen grain viability
means low pollen,grain gemination. C. aliswifolium has 68.5%
pollen grain-viability and only recorded a 2.5% germination. Likewise
Chlprophytun X with a 36.8% pollen grain viability recorded
1.66 pollen grain germination. The tow germination in these plants

can be associated with their meiotic irregularities discussed in

chapter 5.
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From this stvudy, it can be concluded that high pollen
viability does not necessarily mean high pollen germination
as can be seen in Table 14. However, low pollen grain
viability means low germination of pollen grains. It has

also been observed that melotic irregularities afféct pollen

grain viability and germination. Q-.

The failure of hybridization in this c¢ ?e?c has been
associated with low fertility or partial ility of A.
limosum, A. pubirhachis, A. terocaulor\I} (in cultivation),
C. alismifolium and Chlorophytum X g unbalanced zygote
chromosome complements. These tions have been reported

to reduce the chances of suci%ul crosses in plants (Harney

N
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CHAPTER 7

A, TAXONOMY:
1 ﬁmphasis is now shifting from vegetative morphology as
criterion for taxonomic classification to anatomical characters
coupled with cytological and genetical data, Many recent works,
including those of Aldridge, (1977); Pant and Basgu (1977);
Brandham and Cutler (1978); Esipova (1978) and Karlstrom (1978)
employed anatomical approach in the solution.of taxonomic problems,
Many criteria have been used in this line, Tissa (1977)7
working on Theaceae of Sriladim,uséd the types of sclereid, basic
types of stomata, sizes of adaxial and abaxial cells along with
the anticlinal cell walls as some of his criteria, Keng (1962)
believed that the size and shape of epidermal cells and their
anticlinal walls were enough identification characters in the
genera and specieg of Theaceae, On the other hand, Metcalfe and
Chalk (1950) employed the number of palisade layers in a leaf as
criterion’ for deliniting génera and species of Theaceae, Cutler
(1972), Gutler and Brandham, (1977) and Brendhan & Cutler (1978)
believed that the leaf surface pattern is a unique taxonomic
character and thus they employed it in sorting out the problens
in the tribe Aloineae, Others like ildridge (1977) employed types
of vessel elements and their lercth ¢ breadth ratios in

-
elucidating the evolution of Sonchus subgenus Dendrosonchus,
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Khan ot. al (1978) still employed vesetative aworphological
characters coupled with cytological studies in comfirming the
taxonomic limit of some specics of Jolanum., Hence the usc of
vegetative morphological characters as taxonowic criteria must

be supported by evidence (or data) from ccological, anatomical,

cytological and genetical studies.

Anthericum L, and Chlorophytuwa Ker—Gawl, had been considered
as separate genera mainly on their vegetativer characters. The
limitation of this metnod creates Illany problems. The
extent of laxonomic disagreement amon: workers qn them demonstrates
the inadequacy of purcly morphological characters in resolving their
taxonony., There is thereforewnéed for comfirmatory evidence from

other areas of thc biolegy.of the camplex,

Statistical analiyses of the vegetative morphology, anatowy,

000) Py [‘)jjﬁ)}) /)))”}/Q‘;l H)lj,r\cm reguirements ‘overlaps: in

—— T € EEIW (T wren -

the two generay” 'hese onllrm the closenesc of the taxa in the
complex., /However, in spite of their close similarities, some objecti.e
and crucial characters have beon highlighted as presented in Table 1o,
Wilkins (1963) is of the opinmion that & good taxonomic ch:racter
must be highly correlsied with other charicters, but Burtt (1964)
maintained that Astragelus and Oxtropws were separated by a singlo
character which did not cocrelate with anyvthing else, Thus a

separation of two genera, based on at lecast fourteen correlated
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Khan ct. al (1978) still employed vesetative anorphological
characters coupled with cytological studies in comfirming the
taxonomic limit of soie specics of Solanum., Hence the use of
vegetative morphological characters as taxonomic criteria must

be supported by evidence (or data) from ccological, ‘@natomical,
cytological and genetical studies.

Anthericum I, and Chlorophytwa Ker—-Gawl, had been considered

as separate genera mainly on their veget:tive,characters. The
limitation of this metnod createg Tiany problems. The
extent of Ltaxonomic disagreementhamon: workers qn them demonstrites
the inadequacy of purcly morphological characters in resolving their
taxonony, There is therefore need for comfirmatory evidence from
other areas of thc biology of the coamplex,

Statistical anadlyses of the vegetative morphology, anatowmy,
ecology, cytologysand soil nutrient requirements ‘overlaps: i
the two generays \These centirm the closeness of the taxa in the
conplex, sHowever, in spite of their close similarities, some objecti.e
and crucial characters have beon highlighted as presented in Table 0.

Wilkins (1968) is of the opinion that a good taxonomic cb :racter
must be highly correlsted with other chavicters, but Burtt (1964)

maintained that Astragelus and Oxtropus were separated by a single

character which did not covrelate with anything else, Thus 2

separation of two genera, based oa at least fourteen correlated
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taxonomic characters is enough justification that Anthericum and

Chlorophytum should be maintained and retained as separate genera,

With these new taxonomic criteria, il will be neccssary to
subject the intermediate species - C. gaulagceng, Chlorophytum X,

C. laxum and C, aligmifoliug ~ to taxonomic analysis, A definite

character is quantified as a whole, while an in ermediate character

is halved and distributed between the two genera.,” With this
method, it is easy to determine the position of these taxa as can
be secen in Table 17,

C. caulesceng is hundred percent Chlorophytum and in agreement

with the claim of Marais and Redilly (1978).

Chlorophytum X is 71,4% Anthericum and 28,66k Chlorophytun,

The leaf surface pattern of this taxon and its meiotic irregularities

show that Chlorophytum X is close to one of the ancestral parentel

gtocks in the complex. Hence it is sugsested that Chlorophytum X,

with 2n = 16/be considered as an old Anthericum species.,
C. alignifoliug, on the basis of these selected criteria, iu

25,06 Anthericum and 75,0% Chiviophytum, This is expected because of

itsNorphologically intermediate position. The leaf surface
pattern is primitive. The irregularity in meiotic chromosoue

behaviour confirms that €, alismifolium is possibly close to the

ancestral parent which gave rise¢ ‘o the QQhlorophytum species with

basic number 7.
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TABLE 17
STATISTICAL ANALYSIS OF THE INTERMEDIATE SPaCIid

AND C, caulescens (4. caulescens)

C. cauloscens | G» X, |C. elismifolium IC, laxic |
(A. caulescens) g
) i
| gl |
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z AL 8| B!
3 & | & & | 2l g
| g % g |2 g Z |
| Eﬂ e | = 23] é 5 E
; - & 3 | B 2 5 38
-JiEAF INDEK b TeV 1oV - bl TeU U2 UcS!
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k
; LEAF SHAPE - 100 005 005 bad 1.0 005 O.St
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The intermediate position of C. laxum (2n = 14) moves more
to Chlorophytum side. It is 35.T% Anthericum and 64.3% Chlorophytum .
It may be that C. laxum was an old bydrid of Anthericum and
Chlorophytum, which is now tending towards Chlorophytum (i.e introgressive
hybridization). This phenomenon had been reported in maize X
Pripsacum hybrid by Herlan and De Wet (1977). If may be that
C. laxum with 2n = 16, (i.e. the Indian material) is more of
Anthericum or Chlorophytum. One would have liked to examine this
material, but all efforts to get seeds from India failed. However,
Naik (1977) reported that C. laxumwith 2n = 16 had a pair of lagging
chromosomes as has been observed in C. alismifolium. It is therefore
speculated that C. laxum, 2n =16, might have been one of the sariizst
hybrids resulting from the two closely related ancestral parents.
From this taxon, some gnthericum and Chlorophytum species might have
evolved,
ii. STATUS CF THE TWO FORMS OF C., STENOPETALUM Bak.

The gimilarity in vegetative attributes of C. stenopetalum I

and C« stenopetalum II needs further analysis. The morphology of

the two taxa is very similar except that C. stenopetalum II,
collected from the Northern part of the country, has more leaves
than C. stenopetalum I, collected from t:e southern part of the

country. A careful uprooting of the two species reveals a marked
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difference in their root system. while O, stenopetalum I usually
has one mediam or distally located root tuber per root,
C. stenopetalum II has ten or more root tubers which are alternately
arranged along each root length, This distinction is found ‘to be
stable,
The morphological difference has been correlated with evidence from
cytological studies., It will therefore be reasonable to separate
the two taxa because:
ie genotypic differences have been established between
the two taxa,
and ii. the phenotypic characters are manifestations of their
genetic constigutisc.aa,
Borril (1961) employed cytological data to elevate two forms
of Dactylis j;lomerata-to species level, Khan, et. al (1978) confimed

the separation of Solanum nigrcun by cytological studies and statistical

comparison of morphological characters., Thus the separation of the
two taxa on’'the bases of (i) the different patterns of root system;
(ii) difference of their karyo-morphology (see Table 12) and (iii)
their genetical difference as shown by their chiasma formation (as
presented in Table 13 and discussed in Chapter 5) is justified.

It is hereby suggested that C. stenopetalum I should still be

known as C. stenopetalum Bak. C. stenopetalum II, with ten or more
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leaves and with wany root tubers, should be separated from it
and given a different identity, Meanwhile, both taxa can be
identified easily, using the following key:
Leaves few, less than 10,
Root tubers usually one, median
to distal on root, of wet and
shaded habitat in rain forest.

eeesseees Co stenopetalum I

Leaves many, usually 10.or more,
Root tubers usually many and
alternately arranged along
the length of each root, of
open savanna grassland

habitat,

eeevo e . SP. nOV.
R 2

iii, TAXONQMIC KEY.

0f “the fourteen separating criteria listed in Table 15,
seven characters are easily observable, and decisive and thus

congidered to be of great taxonomic imporiance to any herbarium
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worker or taxonomist, Using these criteria, the two genera can
be separated as follows:
Leaf linear, uswally with leaf index ;7‘20,
Veins closely spaced usually & O,5mm, aparts
Leaf surface cells usually elongated
mrallelogram with vertical anticlinal walls,
Epidermal cells surround the mesophyll
cells at leaf margin,
Pseudosten, more or less, flattened,
Tepals open to base 20 yotate,

Peduncle more or legss flatiened,

seseuneo Anthericun
Leaf lanceolate wusuvally with leaf index < 1103

Veins widely spaced usually '5‘1.an apart,
Leaf surface cells more or less rhombic in

shape with horizontal anticlinal walls;
Epidermal 'cells taper at leaf margin

forming one or two cell layers,
Pseudostem more or less circular;
Tepals not open to base but reflexed;

Peduncle more or less circular,

creeee CM&‘%I"‘.E
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Using this key and analysis of the intermediates in
Table 17 with other facts earlier enunciated, it is
suggested that:

i. The transfer of C. caulescens (Bak.) Marailsi& Reilly

1 from Anthericum to Chlorophvtum genus.by Mardis and

Reilly (1978) is supported by thig mwerk. Marais and
Reilly (1978) based their separation mainly on the
seed and capsule characteristieés. The 100% justifi-

cation of C. caulescens as,Chlorophytum strengthens

the new criteria that § Have put forth. In view of
the fact that most/8p&cimens do not usually have
fruits at the time “f their collections, it is
therefore beftexr*to use.the criteria that are

hereby prgposed for the separation of the two genera.

ii. C. alismifiolium and C. laxum should still remain in

Chlérophytum genus.

iii. The\fwyo forms of C. stenopetalum complex need to be
separated into two taxa at species level.

a, €. stenopetalum I can still be regarded as

C. stenopetalum Bak.

b. L. stenopetalum II is a different species from

C. stenopetalum Bak. It can be regarded as a

new species for the moment until. its identity

is confirmed as being new or otherwise at Kew.
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iv, Chlorophytum X is an old Anthericum species and ‘dshould thus
be . transferred from Chlorophytum genus to

Anthericum genus,

Meanwhile, taxonomic nomenclature of the new taxa would be

stayed until their flifferent identities are confirmed from Kew,

EVOLUTION,

i, CHROMOSOME EVOLUTION

It has been suggested that the possible parental stock of the
two genera must have had x = 4 basic chromosome number, It has
also been speculated that natural hybridization occurred between
two closely related taxa, Hybridization was followed by chromosome
doubling, which resulted’'in 2n = 16, to ensure balanced zenetic
system, It has also been argued that n = 7 possibly evolved from
n = 8 wvhich is primitive., Basi® number 8 is primitive because
C. alismifoliumand C. ¥ 1 with n = 8 are perennial while other
diploid Chlorophytum speqies with n = 7 are annual, Perennial
habit is(primitive while annual habit is derived (Stebbins, 1950;
Baker, 1965), The perennial habit of these taxa (tetraploids with
x.=4) is to enable them to evolve genetic systems that will confer
sexual reproduction on them (Olorode, 1973Q. The partial sterility
and meiotic irregularities observed in these taxa support the above

idea,
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Evolution does not usually take one single course, During

the early hybridization and chromosome doubling meiotic
irregularities would occur, During this process, some chromosome
pair(s) might have been lost through fusion or elimination, On

the other hand, supernumerary division might have occurred to give
rise to spores havingn = 4, n = 6 and n = 8, / Supernumerary
division has been reported in C, elatum (2n = 28) by Storey (1968)
who observed hemi~haploid with n = 7 and sesquihaploid with n = 21,
Koul (1970) also reported differentchromosome numbers in the spore
cells of C, elatum, The taxa in this complex easily propagate
vegetatively, Hence any mig—division in both somatic and meiotic
cells can give rise to-a different individual, If such individuals
were able to establish themselves, plants with different basic
number would emerge,

Crosses between these plants possibly account for their
speciation, while the suggestion that they all evolved from the
same.parental stock ensures their similarities, Thus species with
2n-=.14 might have arisen from two possible lines, The first
possibility has been discussed in Chapter .5, that is, by fusion
of two pairs of chromosomes from 2n = 16, The second possibility
is that a cross occurred between one of the pafental stock with

x = 4 and a tetraploid hybrid with n = 8, Thigs gave rise to 2n = 12,
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A second cross then occurred between n = 6 and n = 8 and give rise
to 2n = 14, The formation of three associated quadrivalents and
a bivalent in C. inornatum supports this idea. The three bivalents
from n = 6 parent associated with three of the four bivalents from
n = 8 parent since they evolved from a common ancestral.stock,

Some taxa in this complex have been reported to have different
chromosome basic numbers from n = 8, n = 6 and n'= 7, Sarkar et. al
(1973) reported G. khagianum and 4, ramosum as having 2n = 30, 1In

like manner, Strandhede (1963) reported 2n = 60 for A, liiiago and

2n

30 for 4, ramosum, These planis might have evolved from crosses

of n =8 and n = T resulting in_2n.= 15, Due to possible irregularities
in pairing, the chromosome doubled to give tetraploid with 2n = 30,

Naik (1975) in his proposal for the evolution of species of

Chlorophytum in India'recorded C. nepalense and C. khagianum as having

2n = 26, He was of the opinion that species with 2n = 28, lost a
pair of chromosomes and gave rise to 2n = 26, The other possibility
is that a €ross occurred between n = 6 and n = 7 and gave rise to

2n = 13.which doubled and resulted in 2n = 26,

Stransburger (1888) reported C. comosum and G. sternbergianum

as.bhaving 2n = 24, A species of Anthericum (? A. pterocanlon I)
worked upon by the author in 1977 had 2n = 24 (Plate VIIId), It
was however lost under cultivation, These taxa might have possibly

evolved from the old plants with 2n = 12 by chromosome doubling.
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Species having 2n = 24 should better be regarded as tetraploids
with x = 6 rather than as triploids with x = 8,
This study has revealed that the chromosome evolution in

Anthericum and Chlorophytum complex is multi-directionalafter

the initial hybridization of their ancestral parents/and the doubling
of che hybrids chromosome complements, The secondary basic
chromosome number is therefore x = 8 from which x.= 6 and x = T are
possibly derived., The combinations of these basic numbers coupled
with fusion and/or elimination of different chromosome pair(s),
translocations of chromosomes and geneé inversions, rearrangements

of genes and possibly reciprocal ecrosses, gave rise to the present
different chromosome/diploid levels and differences in the present
species, The proposition that they all evolved from the same common
ancestral stock ensures. their similarities.

The proposed trend of chromosome evolution in the Chlorophytum

and Anthericum complex is presented in Figure IV,
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ii, SPECIATION

Evidence of aneuploid alteration of basic number has been
carefully studied in Crepis and its relatives - Lactuca, Prenanthes
and Hieracium (Stebbins, 1940), It has also been concluded that
the most primitive species have the highest basic numbers (Babcock
and Cameron, 1934; Babcock et. al, 1937; Babcock, 1942, Babcock &
Jenkins, 1943). It is believed that aneuploid alteration had
occurred in the ancestral hybrid(s) of this complex and that n = 8

is the primitive basic number, A study of the leaf surfece anatomical
patterns of C. alismifolium and Chlorophytum X, both with n = 8 shows
that they are more primitive than their relatives withn = 7

(see Plates III a & 5). Also their perennial habit is evidence of
their primitiveness.

If the leaf surface anatomical pattern in C. alismifolium
(Plate IIIa) is ‘taken as being typical of one of the ancestral parent
A while that of C, ¥ (Plate IIIt) is typical of the other parent B,
One would see that 1ae leaf surface patterns in the other taxa of the
complex are intermediates, Thus they are possibly the hybrids of the
two patterns, Hybridization of the two patterns will give a pattern
which will be much like that of C. blepharophyllum (Appendix °2).

This resembles that of . alismifolium morec than that of Chlorophytum X.
It is thus speculated that the cross was between plant A and plant B

and that the patterns in Chlorophytum species are modifications of
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this type. The leaf surface pattern in 7A. pterocaulon I tends
more to that of C, X . It is thus speculated that the cross
in this case was between parent B X parent A and that the pattern
in Anthericum species evolved from this cross,

Choudhuri (1944; 1948; 1972) reported differences in the pheno-

typic characters of reciprocal crosses in potato 'and Solanum melongena,

Adeyemi (1975) also observed differences in «thé lobing of leaf and
shapes of fruit in reciprocal crosses of Solanum melongena varieties,
Von Wettstein (1928) demonstrated the cytoplasmic hereditary
potentiality in interspecific and intergeneric crosses in Bryophytes.
Swanson (1965) is modest in his own contribution and suggested that
the cytoplasm should be regarded as the cellular clay that is moulded
into shape by the nucleus,. He concluded that the quality of the clay
(cytoplasm) must be considered as gene-determined although modified
by the environmént, Hence, the end product - the cell - achieves its
final delineation not only by the moulding process but also by thc sum
total of the ingredients that enter into its makeup, This agrees with
the opinion of Willmar (1969) who stated that the phenotypic
manifestation of any taxon is a combined interplay of its genome

(i.e. its set of chromosomes and other genetic materials), the

hegemon (i.e. the part of the genome which regulates the cell activity
at any one time), the econome (i.,e, the particular pattern of the

cell's cytoplasmic and nuclear membrane and its organelles), and the
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agoranone (i.e. the orgonised environment of the cell with its
neighbours and the surrounding tissue).

In view of the above facts, and knowing the important effects
of the cytoplasmic inheritance including the cytogenes on hybridst
phenntypic characters, I beliecve that Anthericum and Chlorophytum,
which had the same ancestral parents evolved from reciprocal
crosses, This was followed by parallel evolution,

Considering the possible evolution of the chromosomes (Fig. IV),
the vegetative morphology nand the leaf surface patterns, the possible
evolution of Nigerian species of pnthericum and Chlorophytum species
is proposed in Figure V,

The ancestral parents are unknown and might have been elinminated

by natural selection, The leaf surface patterns of €., alismifolium

and Chlorophytum X arc.the possible preserved ancestral patterns,

hence they are plaeced low in the evolutionary scale, It has been

argued that Anthericum species possibly evolved from Chlorophytum X

prarents while/Chlorophytunm species are derived from old

g.o aliSIIL"LfOliU.m SJCOC.ku
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APPENDIX __ 1

DISTRIBUTION CHART OF ANTHERICUM AND CET-OROPHYTUM
IN NIGERIA

SPECIES

AREAS OF COLLECTION

A.

[=

§
i

|

A

pe

ik e
——

dalzielii Huth.
ex Hepper

limosum Bak:

nigericum Hepper

nubicum Bak.

pterocaulon Welw,
ex Bak.

pubirhachis  Bak,

P —

Bauchi Plateau, Vom, Jos, Bukuru,
Tangale-Waya in Banchi Praévince

Naraguta F.R., Jos, Borgu Game Reserve
Ibuya, Upper Ogun:. ames Research, Panshin,
Zaria, Birnin Gwari; Vom, Yola.

Zaria; Anara F.R.; Zaria Province, Jos
Plateau,

Kontagora, Minna, Vom, Naraguta Wana;
Yola; Vogel Peak; Zaria, Birnin Gwari,
01d Oyo F.R., Ilorin, Borgu G.R., New
Bussa, Bauchi Plgyeau.

Anarae F.R.\>Zaria Province; Zarig to
Samaru; Vana, Keana, Benue District, Yola
Sardauna, Gombi, Vogel Peak Jos, Buruku
to Gimi,

Nupe; Zaria to Jos; Upper Ogun, Iseyin:
Igbeti, 2Zaria, Xaduna to Jos, Zaria to

Kaduna.
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SPECIES

AREAS OF COLLECTION

=

. subpetiolafum Bak.

i

. Speciosum

A. uyuiense Rendle

A. Zenkeri Bngl.
C. caulescens (Bak)
(A. caulescens (Bak)

C. alismifolium Bak.

C. blepharophyllum
schweinf., ex Bak

i Kwaya District; Bornu; Mambilla. Plateau,

Abuja; Jos Plateau; Bukure to Hepham, Bimmi,

Bornu to Kwaya Kaduna to Jos.

Zaria,

Liruwen-Kano Hill; Samaru, Giwa Neill's
Valley, Jos; Naraguta F.R.; Bornu, Tangale-
Waja, Bauchi Province, Offa Panshanu Pass,
Bauchi, Birnin Gwari.

Vogel Peak, Sardauna Province.

Nupe “Ilorin to Jebba, Ibadan, Kaduna,
Kagara, Ado, Iseyih.

Ekeji-Ipetu F.R., Ilesha District. Omo F.R.

Btioni,to Atijere, Ijebu-0de, Akure F.R. 1
Ondo; Obubra Ore; Idanre.

‘Zomi (N. of Iseyin); Upper Ogun Cattle R.
0li River; Borgu G.R.

Nupe, Barter Mokwa; Anara FP,R., Zaria;
Afaka F.R. Jos; Zelau, Banchi District;
Jebba, Gimi; Fadau Ayu; Soba between

Zaria-Jos; Gembu Mambilla, Kishi, Jos;
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P B

SPECIES

AREAS OF COLLECTION

C. gallabatebse
Schweinf. ex Bak.

C. geophilum
Peter ex v. Poelln.

C. inornatum Ker~Gawl

C. laxum R. Br.

C. macrophyllum (A. Rich)

Aschers.

New Bussa, Bida; Kan Gimi; Igbeti; Wawa;
Oturkpo; Kontagora; Ogoja, Ilorin, Zaranda
Mt (Bauchi); Oyo.

Jebba; Sanga R.R., Tede, Birnin Gwari;
Shika in Samaru, Biological Garden,
University of Ife; Bornu.

Boronu, Nigeér Province; Naraguta; Samaru
to 8hika, Zaria; Gwari.

Idanre F,R., Ondo District,; Ibadan to Oyo; !
Sapoba, Benin Dist.; Oyo; Unife Campus;
Dumbi Wood, Zaria to Kaduna.

Nupe Barter; Zungeru; Dogondaji Kurmin,
Jemaa Dist.; Oban; Plateau Dist.; Serti;
Gongola; Upper Ogun; Zaria, Niger Quara
Falls (Bonmu F.R.) Ogo; Ogboro Hill near
Kishi; Soba. t
Olokemeji F.R.; Ibadan F.R.; Omo F.R. 5
Atikiriji; Afi River F.R. Oyo to Iseyin Roadj
Onigambari, Ijebu-0de Road; Wushishi;

Tungna - Biba Road, Wamba, Akwanga Naraguta;
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SPECIES

AREAS OF COLLECTION |

C. orchidastrum
Lindt.‘

C. polystachys Bak.

C. pusillum Schweinf,
ex Bak.

C. sparsifiorum Bak.

C. stenopetalum Bak.

C. togoense  Engl.

C. tuberosum (Roxb.) Bak.

—

Abegkuta; B. Gwari,; Zaria Badeggi-Lapai;
Gimi; Idanre Hill, Ondo ; Kabba, Ibadan,
Ife,

Olokemeji, Cross River ; Dekina, Benue
District, Calaba, Obubra; Abuja; Ibadan,
University of Ife Biological Garden;
Upper Ogun F.R.

Yankari:

Panshanuj; Kilba Hills, near Yola; and i

Pankshin.
Ikwette, Obudu District; Oban F,R. Calabar;
Awi to Tkou Road; Momgo. to Kumba; Ogoja.

Nupe Narter, Zungeru, Samaru, Anara F.R.,
Zaria; Naraguta; Zaria-Funtua Road, Bienin
Gwari; Badeggi-Lapai (Niger State); Lapai;
Igboho to Kisi Rd.; Mokwa; Kaduna; and Bukuru.

Wawa; Gindiri, Jos Plateau; Abinsi; Ikoyi Wood

Lagos; Ibada North F.R.; Ewohimi to Idumujun,
Ishan Dist.; Olokemeji, Upper Ogun R. (Oyo-
Iseyin); Awka, Onitsha Prov., Oban; Benin;
Pankshin, Nsukka; Ijaiye, Ibadan; Ikare; Ogoja;
Unife; Fasakai, Plateau; R. Lere near

Gindiri; Ondo, Mokwa-Kainji Road.

Ketagum; Filiya, Bauchi Prov.; Biu, Bormu

)

Province, Yola; Panyam.
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APPENDIX 2
SOIL SAMPLES LOCATIONS
SPECIES LOCATION ®
b
C._blepharophyllum About 10 km, to the North of Jebba Bridge, lying
few metres on the right side of the road from Jebba,
C._macrophyl lum Onigambari, on Ibadan-Ijebu-Ode Road, opposite
the Forestry Research Institute of Nigeria
Station, gate.
C. inornatum Along a footpath on the outskirts of Jebba
from Ilorin.
L. laxum 2 km. to Sebe on Zaria-Jos New Road from Zaria,
C. stenopetalum I Outskirts of Mokwa along the A.B.U. Research
station road; around the Guest House area. '
C. stenopetalum IT Azadirachta indica plantation. 24 km to Kaduna
along Ibadan - Kaduna Road,
C. togoense Outskirt of Iseyin, about 2 km. to the town
from Oyo.
C. alismifolium Cutskirts of Ore, about 3 km. to the right on
the New Benin-Lagos Road.
C. caulescens | Botanical Garden, U.I. Ibadan on a slope of a
rock just.few metres from the main garden road.
4, limosum Around the railway crossing in Jos. A few metres
on the left on Jos-Bukuru Road.
A. pterocaulon Outskirts of Jos on weathered rock by the
right from Zaria.
A. pubirhachis { km. to Jengre on Zaria-Jos Road, from Zaria
end, a few metres on the left.
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APPENDIX 3

MECHANTCAL SOIL ANALYSIS

| % % % OF % OF | % OF
SPECIES FIEIDWATER]  SOIL

HOLDING WATER SAND SILT CLAY

CAPACITY
C. blepharophyl lum 32 1437 88.85 2:63 8.52
C. macrophyllum 1.7 3.54 55.43 31.72 12,85
C. inormaium 16.8 5.10 39.95 34.34 25.71
8. laxum 8.5 1.14 84,83 667 8.50
C. stenopetalum I 12.7 1.96 86.87 4.65 8.48
C. stenopetalum IT{ 4.3 1) 86.83 4,66 8.5
C. togoense 11.5 2:44 41.57 AT7.77 10.66
C. alismifolium 14.8 2.82 55.76 23.25 20.99
C. caulescens 13.0 2.14 70.37 12.87 16.76
A. limosum 947 1.83 70.46 20.98 8.56
A. pterocaulon 11.8 2.13 T4 .46 16,96 8.58
A. pgrirhachis 8.6 1.70 62.37 25.07 12,061






