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A systeantic study %és peon made on the Vernepia leopoldii
complex’ {Cogpositas) wifh 1pe ooleciive oi aelervinining the taxonomic
status of the épea%@x involvee in this compliex. Two species uere
recognized as distinct, namely, ¥. Teogcidii (Sch. Bip.) Vaike and V.

hipontini Vatke.

V. leopoldii is distinguished as having leaves with pale
brownish tomentum with the epidermal surfaces visible. The trichomes
in this species.ave predominantly T-shaped with terete, lobed or
unequal short arms. The petioles have five vascular traces and the

leaves have 2 uniseriate spidermis.

V. bipontini, however, has densely whitish-tomentose Teaves with
the epidermal surfaces hardly visibie. The trichomes are predominantly
T-shaped, longhorn type, with equal io slightly subequal, long,
terete, filiTorm arms. The petioles have tﬁree vascular bundie traces
and the leaves often have a biseriate epidermis. This species was

found to be highly variable and hence {hree varieties were recognized.

Both species have a chromosome ndmher of 36 and pollen with
subechinolophate, tricoiporate, micropunctate tectum, usually with a
continuous tectum cover and spines on the muri. Wood anatomical
features are similar in both species and hence did not yield any

characters with taxonomic implications to the “Vernonia leopoldii

.........
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o e
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LTRODIGCT FOK

The genus Vernonia belongs te the {smily Compositae, tribe
VYernonieas. Aboul 66 spéﬁifs of Verponis ave listed by Cufodontis
(1967} four both Ethiopis and Somalia. Recent pretiminary studies based
on material in the herbavia in Ethiopia and at Kew, London (Dy. Mesfin
Tadesse, Pers. comm.) indicated that theve are about 40 - 45 species

in Ethiopia.

The 01d World species of the genus Vernonia Schreb. have
received reneved interest in various research fields such as agronomy,
natural products chemistry and industry, not only in Africa but alse
abroad (c¢f. Perdue et al. 1986, Berhanu Abégaz, Pers., comm., Gilbert
1984). This has been as a result of the discovery of epoxy-eoleic acids
andg Yerpolic acid (cis-12,13-epoxy-cis-9-octadecenoic acid) in
Vernonia anthelmintica (L.} Willd., from India, first isolated by
Gunsteone in 1954, These natural epoxy acids were shown to bé better
substitutes in the manufacture of p1asticizérs and stabilizers for the
paint and plastics industries {Perdue 1986). Of the African species of
Vornonts screened for the presence of these acids, a variety of V.
galamensis (Cass.) Less. from Ethiopia, namely, V. galamensis ssp.
galamensis var. aethiopica M.G. Gilbert, was found to have about 30%
more vernolic acid than the best improved varieties of V.
antheolminiyca. It contained 41.5% oil with 72.6% vernolic acid,

substantially better than any selection of V. anthelmintica, which at
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best o coptatned 31 i and 75% apoxy acid - aceording to Princen’s
Tindings of 19783 ted fa Pordun 1336}

/:

Hany Vernonis apecies have wide use medicinally in some
i

1

countries for treating g varicly of discases {Kehwaro 1976, Hafﬁaﬁrne
and Wititams 1977, Castyo 1986). Kupchan et al. {1968, 1969a,b)
isolated vernofepin and vernomygdin which have anii- tumor proparties,
from the leaves of V. hvmenolepis A. Rich.. Laskeman et al. (1983)
found the same active substance in ithe fruit of V. amygdalinag Del..
The above species as well as V. galamensis ssp. galamensis var,
acthiopice M.G. Gilhert, eccur in Ethiepia. This is therefore an
indication of the potential natural products present in this genus,
hence suggesting the need for further comprehensive research on the

genus.

While Tooking for a suitable and manageable species group for
study for an M.Sc. preject within the genus Varnonia, the ‘Vernonia
Teopoldii complex’ was identified with the help of noted authorities
on the genus, namely, Mr. Charles Jeffrey {Kew, London), Me. Mike
Gilbert { Kew, Lihiopian Flora Project) and my advisor. The names
included within this complex ave V. Teepeldi? {Sch. Bip.} Vatke
(1875}, Y. Bipontini Vatke (187%), Cyanopis hypoleuca Sch. Bip. (1846)

ov Vernonia leopoldii var. hypoleucs Chiov. (1939},

in the first Flora of Ethiopia, A, Richard {1848) cited two

species under the genus Cyanopis (curvently a synonym of the genus




Yernonia) named by Schutiz Bipontinus. Fnese were Cyanopis Teopoldii
Sch. Bip. and €. hypa?eaé& Sch. Bip. named in 1840 and 1844
respectively but ‘pubtished’ in 1843 and 1846 respectively. Vatke, in
1875, transferved €. Jeopoldii to the genus Vernonia as the generic
name Cyanopis B1. was considered illegitimate and superfious.This was
because the type species for the this genus was found to be similar to
that of Cyanthillum, that is, Cyanthillum ma?éccensfs B1.from
Mollucas. Based on the variations in size of heads, presence and
amouni of resin glands on the florets and achenes as well as in the
indumentum of the leaves, he segregated Vernonia bipontini from V.
Teopoldii in the same year. 01iger and Hievrn (1877) gave Cyanopis
hypoleucs as a synonym under Vernonia Teopoldii and also cited V.
bipontini under the synonymy noling that V. leopoldii is a very
variahle species. Chiovenda, in 1932, reduced Cyanopis hypoleuca of
Schultz Bipontinus to a variety within Vernonia leopoldii. Cufodontis,
in 1967, agreed with 0liver and Hiern {iS??) and reduced Cyanopis

hypoleuca to a synunym of Vernonia Teapoldii.

When these names were published, the taxa to which they weve
ascribed to were thought to be distinct. However, the large amounts of
jater collections of specimen of them showed overlaps in the
diagnostic chavacters, especially in those of the achene, phyllary and
Teaf morphology. Consequentiy, some taxonomists treat these species as
a ‘complex’ of taxa needing further studies while others still

consider them as separate and distinct.
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Civen Lhe above considersiions, a thorougn systematic siudy of

the “¥arnoaia leopoldii 'ﬂmu}”" was made with the objective of

reking for additional aiagﬂastic characters useful in determining the
retationshivey within the ceomplex. Palynolegicai, anatomical,
cytological and micfamorphciogica% studies were conducted on
representative specimens of this compiex to supplement the standard
herbarium and field macroma?phn1ogica} studies. During the progress of
this work, this approach was found to closely match with the
observations made by other taxonomists who have worked on the genus,
for example, Jones (1981:59) who wrote ° ... the purpese of the study
was to delimit biélogically meaningful groups within Vernonia ,
thereby creating smaller ‘natural’ groupsncf manageable size for
subseguent revisionary studies, wﬁiéh eveptually lead to a refinement
of the classification, Without the system proposed, it would be
difficult 47 not impossisble to examine effectively such a wide and
unwieldy genus , ... hence an atiempt to bring order oui of the chaos

that currently exists in Vernonia’




The Composiiae havé oy oa tono Lime drawn the attention of many
synantherelogizis as a well marked but fighity varisbie group
{Cronquist 1955). The tribe Yernonteae within this family was
delimited by Lessing in 1829 (Jones 1979). The next major
reorganization of ihe tribe was made by Bentham in 1873 in Bentham and
Hooker’s Genera Plantarum. New genera and speciss have, however, been
described in recent years but no modern synopsis of the tribe is
avaiiable and few revisions or generic monographs have been published
in the lasi 110 years. The tribe has approximaiely 1,450 species and
about 70 ganera, 37 of which are monotypic {Jones 1979). This tribe is
highiy diversified but is basically characterized by discoid heads,
basally sagittate anthers and long hivsute styles, flattened on the
inner sidas (Jones 1977b). About 1,000 species are found in the large
genus Yernonia Schraeb. which forms the core of the tribevrAbout 200 of
these species are found in Africa, particularly in the savanna
vagetation type south of the Sahara (Jones 1877b).The genus Vernonia
was ‘published’ in Bentham and Hooker’s Genera Planbarum in 1873 with

the type species as V. novaboracensis {L.) Willd. from North America.

Although the importance of the genus Vernonia to the
classification of the tribe is clear, there has been ;o comprehensive
re-evaluation of the genus since the work of De Candolle in 1836 and
Bentham in 1873 (Jones 1979). The currvent delimitations of the

sections, subsections and series were described by Smith {1971) as




febutous and ave ¢loarly superficial’. Ekman, in 1914, had previousty
wted that the de1imitati@nsfbf the taxonomic units within Vernonieae
is extremely difficult hoth, at specific and generic levels due {o the
axtensive %ntergrédaiion of diagnostic features. Natural hybrids have
seen notad fo be comaon among species in Vernenia making
classification at this Tevel difficult. This situation is further
aggravated by the huge size and wide distribution of the genus (Jones
1979). This has therefore led to uncertainity as to whether a holistic
or a piece-meal approach would be best suited for tackling the

taxonomic problems in this genus,

01iver (1877}, in his treatment of tha Compositae of Tropical
Africa, recognized seven subsections in the genus Vernonia, namely,
Lepidella, Tephrodes, Cyanopis, Xipholepis, Decaneurdi, Stengelia and

Strobecalyx based on Bontham’s (1873) clagsification.

The ‘Vernoaia Teopoldii complex’ under gtudy_was kept under
section Cvanopis which was delimited as having peréigtent inner
phyliaries without a terminal appendage, cuter pappus méde up of setae
or these semetimes minute or wanting, end achenes that are (3-)4-6-
costate. However, the species grouped under these sections were found
by subsequent workers (cf. Jones 1981, Jaffrey 1988) to be
heterogenous when other characters and character-siates were

considered.




With the avaitabiTity of a wider randge of taxenoric chavacters
rom othey fields, nameiyffﬁhegaiaxonomy {Harborne and Williams 1977},
alynolaay @ Keeley aﬁ@'dnnes 1G74%; and cytotaxonomy {Jenes 1979),
ones, in 1981, distinguished Hew Horld and Old World Vernonia as
istinct subgeaera; The New World Vernonia {subgenus Vernonia) is
istinguishad as having a basic chromosome number of x=17 and
esquiterpene Tactones of a simy?e; type. Pollen types recognized by
ones {loc. cit.) as B and D are typical of this subgenus, while types
. and C are common to both subgenera. The subgenus Orbisvestus is
ibasic with x= ¢ or 10, has more complex sesquiterpene lactones and
ollen types E and F are exclusive to this subgenus. The subgenus
irbisvestus is divided inte four sections, namely, Orbisvesius,
‘tengelia, Tephredes and Azureae each of which is divided into
ubsections. These sections are sirikingly different from those
wroposed by OTiver (1877). Species belonging to the ‘Vernonia
‘eopeldii complex’ are kept under sections Orbisvesius and
Hiliardinae. Jones (1981), however, noted that the section

Jrhisvestus is a large one and merited further study.

In his paper on the Vernonieae of East Africa, C. Jeffrey (1988)
stated that this tribe is well defined but its subdivision into
subiribes and genera 1s still very uncertain. Based on data from
shemisiry, cyiology and palynology, he noted that the distﬁﬁction
yetween basically 0ld World and New World taxa in the tribe goes
jeeper than merely subgeneric tevel and that there may be two major

1

yroups at the tribal level within it. Since the type species of the
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aeans Vern oia, Vo povasi ool s 7L Wit is s New Yortd species,
the logical conclusiun may séep vo b thal none of the O1d Hortd
specias shauld be reverved Lo os Vernonia, He skated that i1 s
impossibie Lo szcape the conclusion MRet major Cianges in the generic
concepts in  Vernopisas witl occur in the future and this baing the
case, it is prudent to perpetvate as teu aomenclatural changes as

y 1988:196). He divided the East African

possible at present’ {Jeffre
Vornonieae into Five groups , each subdivided into subgroups. No
taxonomic rank is attached to them. Since the taxa in the ‘Vernonia
Jeopoldii complex’ are not found in East Africa, they are not included
in Jeffrey’s account. However, the generic name Cyanepis Bl. to which
C. lecpoldii Sch. Bip. (= Varnonia leopoldii {Sch. Bip.) Vatke) and C.
hypoleuca (= Vernenia hipontini Vatke) beleng, 1s kept under synonymy
ﬁn Group 2 subgroup . Also the subsections Orbisvestus and
Hilliardinaz , evected by Jones (1981) ave cited as synonyms under
this group by Jeffrey {loc. cit). The ¢citation of this synonyms is
thought to be indicative of the possible affinity of the‘Vernonia

Teopoldii complax’ to the Group 2 Subgroup C.

External pollen merg§01ﬁgy has been previously studied on
difforeat species of Vernonfa by Wodehouse in 1928, Stix in 1960 and
skvarla and Turner in 1966 (a1l cited in Kinghaw 1960). Smith, in
1963, first observed differences in the pollen morphology of t%e 01d
world members of the section Stengelia and later emphasized the
heterogeneous nature Qf this section. Kesley and Jones (1977)

subsequently demonstrated the psefulness of pollen morphology in the




classification of the West Jadian Verrenia. In her study of the
African Vernonieae, Kingﬂam {1276} distinguished six types of pollen
grains in the iribe, from Tophate grains with regular mural patterning
and increasing tectum cover Lo echinate grains. The polien types were
doscribed as follows: Type | - Grains Tophate, triporate, micropuncta
abhsent; Type Il - Grains echinoiophate, triporate, micropuncia
present; Type 11l - Grains lophate, tricolporate, micropuncta absent; -
Type IV - Grains echinolophate, tricolporate, micropunta present; Type
V - Grains echinolophate, tending td subechinetophate, iricolporate,

micropuncta present and Type VI: Grains subechinolophate tending to

echinate, tricelporate, micropuncta present.

Jones {1981), in his synoptic treatment of the 01d Worid
Yernonicae, recognised similar groups which he referred to as Groups A'
to F. These weve described as follows @ Type A - echinate to
subachinolophate, tricolporate with a continuous, micropunctate
tectum, spines on the ridges or muri of the subechinolophate grain;
Type B - echinolophate, iricolpeorate with discontinuous micropunctate
tectum, gevminal furvows elongated and separated at the poles by
coincident muri, with spines generally pronounced on wmuri, but
occasionally reduced, lacunae regularly or irregularly spaced, no
polar lacunae present { paired poral Tacunae may occu; on this type as
on type C ); Type € - echinolophate, tricolporate, with a
discontinuous micropunctate tectum, germinal furraws proncunced,
spines on the muri oy veduced in some, lacunae irregularly spaced,

potar lacunae prominent, paired poral lacunae occur in some grains;
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fypa D - echinolophate, trigéraie, with 2 discontinuous micropunictaie
tectuin, spines generaily pronounced on the wuvi, oecasionally reduced,
lacunae vegularly s%aced,‘same of unequal size, germinal pores |
sorrounded by a ridge ; found only in the Hew Worid; Type £ - Tophate
or subechinoiophate, semi-tectate with elevated geometricelly arranged
muri, supported by conspicous collumellae, lacunae regularly spaced,
germinal pores without distinguishing features and Type F -
echinolophate to lophate, semi-tectate with geometerically patierned
elevated muri, with conspicous elevafed columellae, lacunae regularly

spaced, germinal pores with interrupted biparted muri.

It is on these classifications of pollan types that Jones’

(1981) and Jeffrey’s (1988) treatmenis ofrverﬁgﬁia are basead.

Anatomical studies on the African species of Vernonia are scanty
as much of the work has mainly been done on the New Horld specfes.
Carlquist (1964) studied ihe wood anatomy of Vernonisae and the
African spacies included in his work are V. canferta Blake and V.
colorata Drake. Both species wers coliccted from Ghana. in general, he
observed that the data frem wood anatowy of the tribe tend to give a
measure of support to those who hold that Vernonieae co?tains a large
number of characters that are considered as primitive within the
Compositae. This conclusion is based on the presence of relatively
Tong, wide vessel slements, without marked tendenciss towards
narrowness and shortﬁess; absence of vascular tracheids; non-

specialization of helical sculpture and minimal grouping of vessels.




storyiag is obsorved Loobe vare, of expressal only ocave ways; the
-aye arc vetatively wvaspocialized apn mitiseviaste vavs abundaat;
fowever, he noted that the great length of vessel elomenis in some
species, the high wide primary-xyltem-1ike rays and¢ the abundance of
erect cells in multiseriate rays could probably be an indication of
paedomorphosis in accordance to a previously proposed theory (cf.

Carlquist 1962) not primitiveness, per se.

Yohannes (1988), conducted comparative anatomical studies on
Vernonia galamensis (Cass.) Less. and Guizotfia abyssinica (L.f.)
Cass., both of which are annuals. His observations on Vernonia
galamensis concurred with the previous findings of Carlquist (1964) on

ather species of Vernonia.

Trichomes are among the most useful of all anatomical features
for systematic comparison of angiosperms due to their variety, wide
occurrenca, case of preparation for study and sometimes, their close
correlation to various patterns among taxa (Carlquist 1961).
Uniseriate trichomes as well as a variety of multiceilular glandular
and non-glandular trichomes ave widely distributed in Vernonia
(Solereder 1908). Hunter and Austin, in 1967, demonstrated the hybrid
origin of a species of Vernonia by comparing the trichomes of two
parental species and theiv hybrid progeny and they also suggested that
further siudy of diher trichomes of otheyr species of Vernonia might beA
of taxonomic significance {cited in Faust and Jones 1973). Trichomes

ware also found useful in the revision of the genera Centratherum and




Piocllaceoie ey o e Evdus, o anpie e by Sivian, [UINTE and qn the
investigation v 44 eviangeeid caxa in Mouih srapioal Afvsva vy Yope

{1633}

pelatively fow chromnsome pumbers have bapn veporied for the

genus Varponia whon compared with ethar genera of (onmositas. Jones

{1974} attributed this e the comparative difficuity in counting
chvomosomes in Vernenie, Turper and Lewis {1965, cited in Jopes 1974)
worked on 16 species of African ?ernéﬁia and veported basic numbers of
9,10,16, and 17. They also stubed that the cviological variation
present in the genus is interesting and of taxoaomic and evolutionary
vatlue. Jones (1974) wmade = swemary of the 24 species Kuown
éhvnmosnmaTiy and concuvrsd with srevious findings. In 1977, Jones
noted that the majority of the 01d dorid species are n»%, 16, 18 and
20 wherveas. the New Horid Yernonias have n=8, 17, 34, 51 and 58.
However, Jenes (1382) studied, among oibers ¥, amygdzlina Delile, V.
tufaelilas 3. Moorn and V. thomsoniens 0Viver and Hiern ard found that

211 the three species have Zp=30.

Chromosome numbers, togeihor with taxenomie and palynological
data have been used in sperulating svelutionary tvends in.Vernonia
{Jenes 197%a,b; 1981). Much informaiion has accumulated regardiﬁg the
biology of the Hew Horld species of Vernonia Lub velatively little is
krown -aboui the 0%d Yorid species { Jonas 1977b}. Based on work on
several African spaﬂ%eé af Yerponia, Swith, in 1971, suggested that

hybridization as well py » migh dagree of geographical variabilily




tead Lo tha racoanition of too wany varieties, which are in most cases
aivien specifio rank, Rasu}%s from wurk on naviow Teaved spedies of
Horth American Yernonia Jed Jones (1966} tc conclude that the
svetutionary sigeificance of hvbridization depends on the coﬂé{%ions

whove 1% ocowes, in that if it cccurs in an unstahle, rapidly changing

envivonment, some of the segregaies may be better adapied to the new
envireneent than ware the ga?ental'iypesi Stebbins {1950) had sariier
stated that Vernenia is one of the several genera in which forms that
are widely divergeni morphologicaliy or ecologically lack development
of extensive isolating mechaﬁisms‘a11ewing hybridization and the

production of fertile hybrids.

Jones {1977b) studied the reproductive biology and the crossing
behaviour within seven 01d World species namely, Y. anthelmintica (L.)
W1ld., V. cinerea {L.) Less., V. pausiflora Less. (= Y. galamensis
subsp. galamensis var. gaiamensis M.G. Gilbert), V. abyssinica Sch.
Bip. ex Walp., V. adoensis Sch. Bip., V. mé&fleri Oliver and Hiern and
V. hymenolepis A. Rich.. He observed that viable hybrids vieve
generated belween these stengeloid species of Vernonia. He concluded
that hybridization could have playved an important role in creating new
genelic comhinatinns among Afvican species with the same chromosome
numbers while differences in chromoseme numbers were effective
isolating mechanisms to preciude crossing should 01d World and New

World species come inte contact.
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RO TR
MATERIALS

The materials used for this study were obtained from the
lational Herbarium, Fthiopia (ETH), The Fast African Herbarium in
lairobi, Kenya (EA), and the Herbarium of the Royal Botanic Gardens-
v, in England (K} (abbreviations based on Holumgren, Kueken and
ichofiald 1981). Type specimens were obtained on loan from The
qstitute of Sysiematic Botany Hevbarium; Uppsala, Sweden.{U?S) and
luseum National d’Histoire Naturelle, Laboratoire de Phanerogamie,
‘aris, France {P}. Both species were also studied in the field in
shewa, YWellega, Gojjam and Keffa Previnceé in Ethiopia and samples
-ogether with voucher specimen were collected. Slides prepared fop
inatomical, patynolegical and cytological studies ave kept at ETH.
‘olten preparations from a2 few specimens, prépared at the
’aiynoiegjcai Laboraiory in Stockholm, Swedsi, were also studied at

TH.

scanaing Eiectron Microscope (SER) studies of the Teaf, achene,
shyllaries and pollen surfaces were conducted at the Scanning Electron
tHicroscopy and the Palynology and Palasobotany Laboratories (EA) in
iairobi; Kenya. Foy study, samples were mounted on double- sided tape
m stubs and coated with gold using a JEOL - Fine Coat Ion Sputter,
JFC-1100. These wers then examined'using a JEOL-T100 Scanning Electron

ficroscope at 1Bkv and a working distance of 20mm.




A Catibratea Glympids d6 Binocular Microscope was used for Light
ticroscope (Lﬁ) gtudies; LI photographs were taken ai ihe Traditional
fedicine Unit of the Hinistry of Health, Addis Ababa, Ethiopia. A
feiss AXicphot photomicroscope with a magnification range of £5-1000x

and equipped with two automatic cameras was used.

Methods for calculating the magnifications for both scanning and

light microscope photogranhs are given in the appendices 3 and &.

3.2 GROSS MORPHOLOGY

Specimens belonging to the ‘Vernonia Teopoldii complex’ were
sorted out into groups that represented some degree of similarity in
external morphology. Measurements of the vegetative and reproductive
paris were than faken {vom specimens with mature floral and/or
ffﬂﬂtifé?ﬂus capitula in each group. The size of the middle leaves and
the mature capituia were weasured dirvectly from the hevbarium sheets
using & hand ruler calibrated in millimeters. The floral parts were
prepaved Tor study by boiling in water for 2 to 5 minutes, A minimum
of three measurements were then taken from each part. The Bausch and
Lomb stercomicroscope equipped with a finely scaled 10x ecular and
with a magnification of upto 30x was ised. Ranges of %he measurements
of the floral morphological characters for both species are given in

Apoendices 1 and 2,
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Folloawing. the mnvphbiﬁgicgi Studies and the subseguent
distinciion af twe specius within the "Yerponia fsopoidit complex’,
sampies of mature capitula were collected from specimens representing
variation from both species, for potlen analysis. The grains were
acetolysed foliowing Erdtman’s (1962} tachnique. For LW studies,
acetolysed pollen was mounted in Kaiser’s glycerol gelatin and sealed
with wax. A minimum of 25 measurements per slide were taken for
equatortal and pelar diamsters whereas a.minimum of 15 measurements
per slide were taken for the spine length, exine and sexine thickness.
Light Microscope photographs were then taken from represantative

slides,

For SEM studies, the acetolysed polien grains were kept in 70%
aleohol and Teft to aliow the alcobol to e?aéorate‘ The grains were
then brushed onto double sided tape mounted on stubs, gold coated and
then studied, Unacelolysed pollen grains were also studied for

comparison.

The poilen fertility status of unacetolysed grains was estimated
by determining the percentage of pollen stained with 1% aniline blue
in Tactophenol. A minimum total of 500 pollen grains were counted from
aach slide and the number of grains stained was expressed as a percent

of this total.




A Y TOLOGY

cytological studies were made on somatic ceils from Lhe root
ips of Vernonia biponiini ¥atke and Varponia Teapoldii Vatke. Seeds
ere gevminaiod on petri-dishes uging Pobfasium nitrate treatment.
Wwots were collected a few hours afier watering and pretreated in
3.0021 8-hydroxyguinoline solution for 4 hours. Tney were then
transferad tc‘lzg HCL:Orcein, warmed and coolad repeatedly four times
and finally left to cool for 20 minutes. The roots were then
transfered to 45% aceto-orcein and left overnight. The tips of the
roots were then excised, squashaed and chromoseme counts done.

Photographs were taken znd used ito confirm the count.

3.5  ANATOMY

Fresh samples of stems, peficies aznd leaves of the iwo species
were collected from the field and ¥ixed in Formaldehyde-Acetic acid-
Alcohol (FAAR) mixture (Cutler 1979). These were then dehydrated in a
graded series of alcolintiacetone solubioens and then cleared in
chlorofori. Gradual infiiiration was done using chioroformiwax
combinations and the sections were then embedded in Paraffin wax with
a melting point of 55°C according to the procedures outlined by Sass
(1958), Gray (1958) and Cutler (1978). Transverse, radial and
tangential longitudinal sections were made from young and mature
stems, serial transverse sections taken from petiotes and tansverse

sactions taken from the middle portion of the leaves.
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SHChIonng s dene vsing en Gpiioal TAHEZET volarvy wicrolome
calibrated at I35 ay 19 micrens Yor stems and 10, 17 ov 1B microns for
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petiales ang legaves. The paraf¥ie sections were atizchod to the siides

us fng Haupi’

i

s adhasive (Wiley 19713, floodaed wiih 4% formalin, wavned

and dried overnight in a paraffin oven at 45°C.

The sections were stained using safranin- fast greon
differential staining technique adapted from Wiley (1971). The
staining duration in safranin was however veduced from overnight to
one hour. The sactions were then mounted in Euparal afier c¢learing in
xyltene, A minimum of 15 measurements were taken per selectad specimen
fov leaf and petiole sections. Xylem vessel diameters are hased on 50
measurements per specimen whereas 20 measuvemenis per specimen were

taken for fibre and vessel lengths,

For trichome studies, leaves {ixed in Fﬁﬁ were transfered to 50%
alcohol then 70% alcohel. They were than bleached in commercial
‘hypochiorite’ bleach and epidermal scrapes done. ?hese-were attached
to the slides uzing Haupt’s adhesive, flooded with 4% formalin,
warmad, stained in safranin- fast green and mounted in Euparal.

3.6 MICROMORPHOLOGY

Leaf, phyllary and zchene surfaces of samples from both species
wers studied by Scannihg Elactron Microscopy. Species thought to be
retated Lo those of ine ‘Varnonva Teepeldii Complex’ weve also studied

for comparizon.
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he ‘Yernonia Teepoldii complex’ was wade with the ohjszctive ¢
seaking for edditionsd d;aééu:iic charactess useful ia determining the
selationships within inc compex. Pelynotagicad, anatomical,
:yiological and micromorphological studies were conducted on
representative specimens of this comolex to supplement the standard
harbarium and Field macromorphoiogical studies. furing the progress of
this work, this approach was found fo closely match with the
observations made by other taxonomists who have worked on the genus,
for exsmple, Jongs (1981:59) who wrote ¢ ... the purpose of the study
was to delimit biologically meaningful groups within Vernonia ,
thereby creating swaller ‘natural’ groups of manageable size for
subsequent revisionary studies, which eventually lead to a vefinement
of the classification. Without the system proposed, it would be
difficult if not impossisble to examine effectively such a wide and
anwieldy genus , ... hence an attempt %o bring order out of the chaos

that currently exists in Vernonia’.




Gtivar (1877) acceple V. Jeopeld/ii buh, qave Y, Siponiing, €.
Aypolevcs and feopafdiﬁ'ﬁs synonyms. be, howsver, did not ¢ite
Schimpayr 3547 33 a type 50? Boobipontind . Hooker and Jackson {1895) in
Indey Kawensis cilsg U,'ﬁipeﬁtfnf as synonym of V. Jeopoidif.
Cufodontis (1967) cited only ¥. Teopoldi7 and kept ¥. bipontini, V.
Heopoldii var incana Avetta (1B8Y), V. leopoldii var hypoleuca
Chiovenda (1939), C. hypoleuca and C. Teopoldii as synonyms. He cited
schimpey 9 and 246 as the iypes for V. Jeopoldsi and noted that the

Teaf indumentum is very variable within this taxon.

A survey of the three type specimens showed that the specimens
Schimper 246 and 1542 were similar wheveas Schimper 9 was quite
distinct. Schimper 9 was collected on 26. 10.1837 from Tigray, Adwa,
fit. Scholoda and labelled ‘Cyanopis (Lucyanopis) leopoldii C.H.
Sehultz-Bipont.’. Schimper 246 was collected on 5.11.1837 and labelled
‘Cyanopis Teopoldii C.H. Schultzs-Bipont.’. However, this épecimen is
anonymously annotated as ‘L. hypoleucs in Sch. 1t. Abyss. Sect. III

19427,

Tne third type specimen, Schimper 1542, was collected on
18.11.1842 and labelled ‘Cyanopis hypoleuca C.H. Schuliz-Bipont.’. The
collection notes for this specimen are *Nova species commixta et
commutata cum €. Teopoidii in Sect. 1. nr. 246, a qua differt
achaeniis et flovibus glabris {in €. Jeopeldii punciis resinosis
munitis), involucro superne purpurascente, in €. Teopoldii ad venas

tomentosis, et insuper punctis resinosis adspersis’. It is apparent




from these Latin notes thﬁ}’Schultz~Bépantinus did not observe

simiTarity between Schimper 246 and ibAz,

In the curvent study, based on the morphological features of
these type specimens and supported by herbarium and field studies, it
was decided that the three type specimens represent two distinct
species, hence, V. Teopeidii (Sch. Bip.)Vatke (C. leopeldii Sch. Bip.
of Schimper 9} and V. bipoentini Vatke {(C. hypé?euca Sch. Bip. of
Schimper 246 and 1542). The delimitation by Vatke (1875) was therefore
recognized as valid, Consequently, in the following text, these two
species are treated as separate and distinct. Their diagnostic

features are discussed in the following text.
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Yernonia Teopoidiy Veike and V. hipontinsfi Yatke are similar in
habit and fand Lo occupy similar Qc;}ngicaé aiches. AT one locality
(54 km. from Ambo on the road to Heiemte, in Shewa Region, Ethiopia)
they are found growing together yel exhibiting distintive morphology.
This is an indication of their distinctiveness, as implied by Davis
and Heywood {1963:82), who observed that “,..if they grow in the same
area (aympatric) and particularly when they grvow in the same habitat;
and the plants contvinue to be distinct , it is fair to assume that

there is some reproductive harvier hetwcen them’.

Hoth species are shrubs or perennial herbs with a more or less
woody hase. The branches are ascending from near the base (Fig. 1A,B).
They grow up to a height of 2m. especially in open disturbed habitats
such as readsides where they are coumon, Howevar,.y. Eipo&iiﬁi can
altsen he a low lying suffructescent perennial, growing only to 0.5m
high with 2 woody base and a nuch branched,crown (Fig. 2B) when found
in unnatural habitats such as gutter walls. ¥, leopoldi’ growing under

similar conditions still attained a height of up to 1.5m. {Fig. 2A).

The stem is tereia, siriate, densely brownish-,golden, greyish-

or purplish- ifomentose, with appressed T- shaped hairs.
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Yhe Layms ysad he?aw,far teaf avrchiteciurasl studies arve based on

Tha leaves of boith species ave aliernate, petiolate, and
decrease in size acropetally. Thay ave dorsiventraily flattened,
simple, symmeirical and ovate to ovate-lanceolate with the Teaves of
V. biponiini teading tc be more nmarvowly- to linear-lanceolate. The
apex is usually acuminate, sometimes attenuate, winile the base is
cuneate to decurvent. The margins are doubly serrate with requiar
spacing. The apical angle of the teeth is acute, the basal side mainly
straight, apical side concave and sinuses are rounded. The petioie is
winged and varies in Tength. Semetimes jt is indistinct due to the

decurrent leaf base.

The venation is reticuiodromous, with stout straight primary
veins, The secondary veins have a mcderately.acuie angle of
diverganca, This angle i mors acubte in the upper secondary veins than
in ihe middie ones. The carvature of this secondary veins is uniform
and the interseconcary veins are composite. Tertiary veins are
orthogoral veticulate, approximately at right angles to the midvein
and predominantly alternate in arrvangoment. Quaternary qeing are
orthegona? and higher orders of venation than this are not distinct.

The arecles are well developed, pentagonal and medium in size.
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Studies of the epiderinal scrapes from leaves of both spocies

:

showed ditferances in the cell typas of the two surfaces. The adaxial

{

spridevme]l ceiis are pelydonat, 5-6(-8) sided, regular, with straight
#atls, as seen with the Vioht microscops. The abaxial cpidermal cells
e highly irregutar and sinvous in outline (Fig. 3B). Similar
abservations from epidermal scrapes were made on V. cinerea {L.) lLess.
by Castro (1986). The stomata are simple, elongate in ouiline, with a
ratsed rim. The guard cells are unornamenied and are on the same level
with the epidermal surface. The stomata on the teeth, however, ave
sunken (Fig. 40}, Distinct subsidiary cells are not evident. The cells
surrounding the guard cellis  and the other abaxial epidermal cells
have striae extended as lateral wings but the cells of the adaxial
surface are unorpamented {Figs 3A, 4A). The Teaf surfaces of V.
hochstetiery Sch. Bip. and ¥. karaguensis Oliv., & Hiern which occur in
the same habitat were also examined (Fig. 3C-F). The main difference
obsarved is iﬁ the ornawentation of cell surfaces. V. hochstetteri and
V. karaguensis ave aet a3 densely striate as V. Teopoldisd or ¥,
bipantini. The stowata apnear larger in size in V. karaguensis and V.

hochetetiori when compared te V. Teops/dii and V. bipontini.

Despite the similarity in the epidermal cell shapes and
surtaces, V. Teopoldii and V. bipontini are easily distingdished from
each other by the density of the indumenium and hair type (Fig. 5).
The abaxial Teaf surfaces as well as those of the stem, penduncle and
phyllaries of V. digontind ave densely whitish tomentoese, with the

epidermal surfaces hardly visible, The trichomes are so densely
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Fig. 3. Abaxial epidermal surfaces of leaves in Vernonia. ( A:x160, C,E:x255,

B,D,F:x510). A-B: V. leopoldii (Sch. Bip.) Vatke (Stella W. 46) C-E: V. hochstetteri
Sch. Bip. (Stella W. 50) F: V. karaguensis Oliv. & Hiern (Stella W. 69).




Fig. 4. Adaxial epidermal surfaces of leaves (A-C) and tooth on leaf margin (D) in
Vernonia. At V. leopoldii (Sch. Bii).) Vatke from Stella W, 101 (x1800) B: V.
hochstetteri Sch, Bip. from Stella W. 50 (x1000) C: V. bipontini Vatke from Stella W, 48
(x390) D: V. bipontini Vatke from Stella W, 44 (x180).

PR e L e
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Fig. 5. Differences in the leaf indumentum in Vernonia. Az V. bipontini on the left and
V. leopoldii on the right B: Scanning Electron Micrographs of abaxial surfaces of V.
bipontini from Stella W. 44 (left) and V. leopoldii from Stella W. 101 (right). {Both
x18}.




herivined making 1L dmposstle Lo diccern the imdividuai haies (Fig.
561, In V. Jeopoidii, the Taat suriaces ave ihinly pale brownish
tementase, the epidermal sarfaces sre visible and the hairs are
discevrabie as showa by She T B micronrags (Vig, 5B). This
difference in the jondumsntum cover is thus considered io be of

tarofiomic value.

Six different types of trichomes could be distinguished from the
leaf surfaces of these two species. Thase are:
i. Giandulayr, simple, unbranched hairs:
1a. Yniseriate, bhilobed - Fig. 38.
1H. Uniseriate, capitate - Fig, 6C,D.
1c. Uniseriate, multicellular - Fig. 6A,B,6.
id. Multiseriate, multiceliular - Fig. 8E,F,H.
2. Non-glandular, 2-armed, uniseriate hairs:
7a. T-shaped hairs with terete , Tobed or short more
or tass equal arms - Figs., 7A,B and C
respectively.
?b. Longhorn hair tyne according to Jones (1973},
with the arms terete, more or less equal and

filliform - Fig. 7D.

Vernonia bipontini has predominantly trichome type 2b whereas V..
Jeopoidii can be distinguished by the presence of trichome type 2a.

Trichome types la-d are common in both species but biseriate trichomes




32

AL

S

Fig. 6. Trichome types in Vernonia leopoldii and V. bipontini (A,B,D,E,H: x1000; C,F:

x400; G: x100). A,B,G: Uniseriate, multicellular C,D: Uniseriate, capitate E,F,H:

Multiseriate (at base), multicellular.

vinghgn -
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Fig. 7. Trichome types in Vemonia leopoldii and V. bipontini (x400). A: T-shaped with
terete arms B: Short T-shaped hair with unequal equal arms C: T-shaped with lobed

arms D: Longhorn T-shaped hair with the arms terete, subequal and filiform




Lot 1o b omoen shundans b L Teopoldid ihen im V. Ripontind. As such
Jistvibabion is of diagnostic vilue in vhe Lo speeies,
,

Simitar trichomes have been observed and used diagnostically in
vaineor 2 (Jones, 1973); in erlangeoid taxa of Compositae {Pope,
1483)in Centratherum and Phyllocephalum of Tribe Vernonieae (Kirkman
1981} and in Bidens, of the Tribe Heliantheae (Mesfin 1984). The
trichome type lc was described as flagelliform by Kirkman {1981). Pope
(1923 distinguished the T-shaped trichomes Type 2a as terete, lobed,
and <hort armed. He described trichome'Type ?b as T-shaped with

fitifori arms.

4,2.3 CON: LORESCENCES

The capitula of V. Teopoldii and V. bipontini are aggregated

sunctes are oither compound corymboid, paniculate or subscorpioid
cymes (Fig. 8), with the number of capitula varying from 20-200,
parely more. The simple units of these compound cymes, which can be
described as simple cymes, have a terminal capitula, which is
cubtended by a pendancls that is shorter than these of the tateral
capiruta, and matures earlier than the later. The capitu1a~are
henlomorphic, discoid, humogenous, heing composed of identically
colour2d tubular florets. The shape of the involucre varies from
subcylindgric to urceolata, but it is more pronouncedly urceolate in V.

Eingntini, ihe iamalwrz capitala of V. higontini are turbinate with
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Fig. 8. Conflorescence types in Vernonia. A: V. bipontini Vatke B: V. leopoldii (Sch.

Bip.) Vatke.(Photo: Stella W, Nov. 1989)
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eftend phyllavies sheveas thess of V. Ieepeidid are 2loiinge-

playbindein usuaily sl aparessca ohyiiarios

the davolucys size varies {vom 3 to 9ma ia hoih species, The
apituiar length at anthesis is 8 to 1lim and 6 To Gaan when in fruif.
lowever, in V. bipontinf, the ranges ave up to 14mm at anthesis and up

o 11 m in fradt.

The receptacle in both species is slightly convex in
longitudinal section and the surface areoiate. The areoles are
separated by membraneous fringe and the contral part which forms

cantact with the base of the achene is raised.

4.2.4 PHYLLARIES

The phyllaries ave uniform, 5-6 seriate, increasing in size from

the outermost 4o the innarmost. The phyllaries of the different series
however differ in shape, and in this study, they were classified as

outerrost, widdiv and innermost, to represent the range of variation.

The outermost phyllaries (Fig. 9B) sre filiform {in V.
bipentini}, linear to ovate Janceolate (in both species) or triangular
(in V. Teepoldit). The apex is acute-apiculate. In V. bigontinf, the
apex is somebimes elongaied to almost Lhe zame length as the capitula.
The apex in this species is in most cases reflexed. The surface is
sparsely to densely tomentose in both species (Fig. 10C, D) and

papillate. The phyliaries are mestly green with a purple tinge towards




Fig. 9. Immature conflorescence (A) and outer surfaces of outermost and middle

phyllaries (B) in Vernonia. A: V. bipontini ; (Photo: Stella W. Oct. 1989) B: V. bipontini

(left); V. leopoldii (right) {Both x18}.
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Fig. 10. Surfaces of phyllaries in Vernonia. A: V. leopoldii - Inner surface of
outermost phyllary (Stella W. 102; x260) B: V. bipontini - Inner surface of middle

~ phyllary (Stella W. 44; x380) C,D: V. leopoldii - Outer surface of innermost phyllary
(Stella W. 48; x180) E: V. bipontini - outer surface of innermost phyllary (Stella W. 44;
x100) F: V. leopoldii - inner surface of innermost phyllary (Stella W. 102; x100).
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ihe aped and the wergins ve onptivn, Tho veriaiien b3 5 ¥8 within sach
spet jos 10 sansldeyabtiler dn b Lisonding, Siae variaiyg Pram L. R
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Soal 8§ Vi ant oo Varguye i, drea LUt 2 e, The widih of the
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phvliaries in Gouih ospecies C2pdges Tt L,o To . B

the widdiz vhyltari2e are higity variable in shape and size.
They are, in both speeies, ablong-etiipiic to Tanceolate or sometimes
oblanceolate. The apex 15 acute Lo acuminate, reflexed sometimes
elongate to 2.5mn (in V. hipontini) or appressed. They are
membraneous, pale green o unexposed parts, purpie on exposed surfaces
and 3-striate. The purple tinge is shortly continuous on the
striations to the pale green zones and on the chartacous translucent
margins. The outer surface is tomentoss on the exposed paris and
glabrous on the non axpused parts, both surfaces beiny papiliate. The
juner surface is glabrous and papiliate, oxcept for a few scattered
trichomes on the apical zone (Fig. 10B). The size is 3.0-5.0 X 0.7-1.7

Wi dn V. bipontiad and (2.5-)3.0 X 0.6-1.6 mu in V. Teopoldii.

The innermosi phyltlaries are similar in surface morphoiogy to
the middle phyllaries but differ in shape(Fig. 10C-F). They are mainly
ablong-, 0?_911iptic-1anceo1ate to 0b1ancé01ate and are 4.0-7.1 X 0.6-
1.4(-1.6)mm in V. pipontini and 3.6-6.1 % 0.6-1.4mn in V. Teopoldii.
The apex is acuminate and sometimes produced to an glongate reflexed

aﬁicu1e to 0.Gmm in V. bipontini.




Dty L Ueees wetciead, 0 el tiohtaes and Dot o are Tound on
thiy surfooe: of hese phyidaries in both cpecies, Unique to V.
feapeidii, ere | osneped naivs with twezguet oavms (Fig. 104,0,0,F) and
few La many celied 5i€1ks ¥ biponiint, however, has T-shaped
trichomes ﬁith sutzquatl to egual, lowg, Filiform arms (Fig. 10B,F),
thus the longhorn {ype of Jones (1973). The trichomes on the

phyllaries of the two species are thevefore also found to be of

diagnostic value,

4,2.5. FLORETS

The florets are homogeneously ituvbular with five equal lobes at
the apex. These flovrets are predominant in the subfamily Tubuliflorae
of Compositae, to which the tribes Vernonieae, Eupatorieae and
Carduceae belong. Leppik (1979) postulated that the radiate and
tahiate corollas could have been derived from tubulate structures.
Henue, the sole presence of this type of florets indicates a degree of
origitiveness in the fribe Yernonieae, to which these two species
belond.

There are about 30 to 50 florets per capitula. These tub&iar
florets are purple in colour, campanulate and have lobes that are
obtuse at the apex. They vary stightiy in length,with a range of about
4.% o 9.5mn and the width about 0.4 to 0.6mm. The lobes are about
1.i-2.2 x ¢.4mm. The only trichomes present on the corolla lobes are
of the simple, unbranched bilobed type and the surface is

wicroscopically striate {Fia. LIA).
\ g
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Fig. 11.Floret (A) and achene surfaces (B-D) in Vernonia. ~ A: V. leopoldii (Mestin and
Kagnew 1618; xS10) B: V. bipontini (Mesfin and Kagnew 1995; x51) C: V. bipontini
(Stella W. 44; x260) D: V. leopoldii (Stella W. 102; x180).




e giyte T osuelten ab tae base and bifuvcate apically. It is
terete, purple dp colonr and densely hispid on the arms which are
usuaily exseried al anthesis, The style length in both species varies
Trom 4.5 Lo & 7w dn Teagth with the wras baing aboul 1.5 to 3. 4mm

Tong.

The anthers are yellowish in'colour, sagittate at base, with
acute basal Tobes and ovate triahgu]ar apex.They are 2.0 to 4.2mm
Tong. As noted by Leppik (1977), the anthers cohere to form a hollow
cylinder and dehisce introrsely, fiiling the cylinder with polien
before the floret opens. The growing style brushes the pollen out of

the anther cylinder by means of the hairs on its outer surface,

4.2.6 ACHENES

the achenes are cylindric-oblong to obpyramidal in shape (Pope
1983). The base is calius thickened and the apical vim is prominent
and quadrangulay (Fig.11B). The achumes usually have a siylophore at
the apex znd the walls are 4-6 ribbed, with a tuberculate surface
except on the ribs. Simple, unbranched, bilobed hairs are distributed
all over Lhe surface, but the other trichomes, name1y: hair-1ike
subulate trichomes (Pope 1983), with one arm greatly reduced in some
cases(Fig.11B-D); are mostly restricted to the upper half of the
achene and are scantity distributed, The size range 1s from 1.0 to

2.2mm by 0.4 to 0.7mm in ¥. Teopalditi and 1.4 to 2.4mm by 0.4 o 0.7mm

in V. biponting.




The paosns 1 bigsevigte with the ovter tep’es graatly vedecad to
form o testhod hovdes wnie O Smn Tone . The fnnee sories is alongate,

bavbel iate, caducons and about 4.9 Lo S, 4mw Tong.

4.3 PALYNOLOGY

The pollen grains of V. Teopoldii and V. bipontini are radially
symmetrical, isopolar and spheveidal or circular (Fig. 12A-D). The
Polar (P) to Equatorial (E} diameter ratio ranges from 0.958 to 1.045.
Both species have echinolophate grains that are tricolporate, usually
with & conlinuous micropunctate tectum and spines on the muri {Fig.
12). There are slight variations, however, in the continuity of the
fectum. In most cases, the tectum is continuous hut occasionally it is
discontinuous with indistinctly shaped Yacunae that are not prominent
(Fig. 12E,F). There is no distinct variation in the size of the
micrepunctae on the tectum per grain. The pores and the colpi vary too
in size and shape {(Fig. 12C,D). In some grains, the colpi are well
developad and converge at the potar axis wheraas in soue they are less
well devetoped and end sbout halfway to the pelar axis from the
equatorial plane.

The spines are always conical, broadened at the base and with a
sharp apex. They vary in langth from 1.77 ©o 3.94 microns. Based on
their shape, the pollen grains of V. Jeopoldit and V. bipontini can be
said to belong to polfen Group VI of Kingham (1976} and pollen Type A

of Jones (1981). This placement is supported by the fact that Kingham
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Fig. 12, Light (A) and scanning micrographs of pollen grains of Vernonia. A: V.
leopoldii, x1000 (Evans and Lythgoe 307) B-I: V. bipontini:- B: Polar view, x1000
(Stella W. 44) C: Equatorial view, x1900 (Lundstrom 221A) D: Equatorial view, x1800
(Stella W. 47) E: Spine and tectum ornamentation, x5200 (Stella W, 44) F: Tectum
and pore, x2500 (Stella W. 44).
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(1976) studied V. Teopeldif (Hnoney 8858, fram Lihiopia) =ad

identified it as belenging to Group V) of her classification.

Janes {1@81)? studied among vihevs, V. Teopoldii and Y,
bipentini . The specimen cited undar V. Teopoldii is Gillett 5346( from
“ Semalia, kept at Kew), and that u?der V. bipontini is Ash 73 ( from
Fthiopia, kept at Athens Herbarium, Georgia-GA). One specimen, Mooney
5250, (from Ethiopia, kept at Kew), was studied under V. natalensis
Sch. Bip. ex Walp.. In my present study, this specimen has been kept
under V. biponiini. The poiten from Gillett 5346 and Mooney 5250 were
classified as belonging to Type A, while pollen from Ash 73 was
classifed as belonging i Type B. Though Jones (1981) correctly
identified the pollen type of V. Jeopoldii as Type A, which fits in
with the results of the current study, it is most lTikely that the
specimen, Gillett 5346, from Somalia was incorrectly identified since
V. leopoldii is apparently endemic to the highlands of Ethiopia. V.
bipontini poilen scems to be incorrectly classified as the-grains in
this species do noi have distinci ltecunae as is typical of thé pollen
Type B {Jones 1981 pp. 62), though they tend to have scattered regions

of discontinous tecta,

The polar diameter of the grains (exciuding the spines) varies
from 30.5 to 53.44(-59.6) microns whereas the range for the equatorial
diameter is 31.8 to 54.4(-57.8)microns {Table 1). These poilen grain
sizes are larger than those observed by Kingham (1976). In her survey

of the psllen grains of Tropical Africa and certain other Vernonieae,
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Vinghan {Yoc, cit.) socorded grain size vange of (74,0 726.50- 475
microns for 4. Feopoldid based oo the colioobien of Foopoy sy

8853, Yowevnr, this observiiien s not awioe dn diserepancy with tne
rasults of the cuvrant stuéy an quiatiintive perphelucical studies
showad that this sperimen varicd Yrom ihe typical V.o Jespaldii. 1% has
much smaller capitula, achenes and floreis. Woodehouse (1928, cited in
Kingham 1976}, suggested ithal pollen grains may be used as an
approximate measure of the chromesome number so that the difference in
size could be a reflection of the level of ploidy. If this holds true,
then the small size of the oollen of Mooney 8858 could indicate a
Tower level of ploidy. However, confivmatory studies could not be made
due to the scanty herbarium material available and lack of similar

field specimen. A fertility status showed that this particwlar plant

(Mocney 8858) was fertiie (Table 2).

Though Woodzhouse (1928, cited in Kingham 1976), observed that
the tribe Vernonieae is a group whose pollen pattern is sufficiently
comptex to permit such a wide range of expression that clesely related
~species could be easily identified from each other, the current
studies have shown that this is not the case. A similar conclusion was
made by Kingham {1976:20) who stated thai ‘the present investigation
shows that closely related species often infact show similar pollen

characteristics’.

The pollen fertility for both species is found to be high (Table

2y, This high percentage of fertility shows that each of these species
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is distinct and thal there are no hybrid:z. Hence, Lhcugh thase Lwo
soceies are vy losely polated aud coour in siatier habiiats, it is
spaculated thet they are - stinct soecies thal have evolved specific

isolating mechanisms.

The subechinolophate to echinate pollen grains {Type VI of
Kingham,‘1§76) are thought to be fhe most primitive of the polien
types of Vernonia (Kinghan 1976, Jonss 19813, This could be indicative
of the fact that V. leopeldii and V. bipontini arve among the primitive
soecies in the gyenus Vernonia. However, other character states need to

be studied before any valid conclusions can be made.

4.4 RHATORY

4.4.1. LEAF ANATOMY

LAMIMA. The leaves of both V. Teopoldii and V. bipontini are
dorsivenivaliy flatiened. In V. Teopsldii, the adaxial epidermis is
unisertate (Fig. 13A) and 12-26 micrens Lhick, In V. bipentini, the
adaxial epidermis is usualiy biseriate, rarvely uniseriaie and 9-45
microns thick, The epidermal cells in both species are {ransversely
elongated or oblique, isodiametric, builate or rectangular. The outer
pericltinal walis are convex, papillate, to 2 microns thick in V.
Teopoldii and up to 4 microns thick in V. hipontini. The thickened
epidermal walls are of ecological imporiance as these nlant species
grow in open, dry habitats. The anticlinal walls are 1-2 microns thick

in both spacies, and are streight, convex or undutating. The cuticle
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Fig. 13. Leaf transverse sections of Vernonia (x2000). A: Vernonia leopoldii
showing secondary vein ( Stella W. 8) B: V. bipontini showing primary vein (Stella W,
44)




is 1-3 micvons thick, The adedind epidersal cels ave i aonersd ahent

Lhres tigpes dhe size of ionc shaxial onti-

2

Tivg moe N B B T T . A . g
Fae mesophylt to wnie'y Bitocial fa anin specie

L 13, R,

[543
-1

{

witio distinct palisads and spangy wesophytl layers. The pa

isade layer
is uniseriate, sometimes biseriate (Fig. 148) o disconiinuocus (in Y.
Tleapoldii-Fig. 14A). This is nct ubnovmal o HetCalfe {197¢:66) noted
that ¢ the number of layers of palisade cells also varies, not only
from spacies to species but sometimes in differenl specimen of a
single species or even in different individual leaves from a single
plant.’ This layer is 10-80 microns thick in V. hipontini and 25-85
microns thick in V. Jeopoldii. Uhen the palisade layer is biseriate,
the cells making up the inner layer are usually shorter than the outer
onas. The cells are Lranscurrently elongated, rectangular in shape and

densely packed with chloroplasts alony the wall.

The spungy mesophyl) is compact, 15-100 microns thick inlv.
bipontini and 40-105 microns thick in V. feopoldii; thicker especiaily
in regicns where the secondary and tertiary veing are embedded in the
nedulla. The cells are isodiametric to irregular and densely packed
with chloroplasts. The air spaces are small bub in V. Teopoldii, the
,Substomatal chambers are prominent (Fig. 142). Adjacent to the stomata
on the abaxial epideimal surface, they are up to 20 microns deeb into
the spongy mesophyll. These are fhiowever nol prominent in V. bipontini.

In V. Teopoldii, the abaxial epidermis is uniseriate, wavy in

outline, protracted from the main Tamina especially at the stomatal




Fig, 14. Transverse sections of Vernonia leopoldii showing variations in the
mesophyll layer (Stella W. 8; x2000). A: without the palisade layer B: with bifacial

mesophyll and some parts with biseriate palisade layer.
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Fegaens, L-10 wicrens thick {Iig. iéB); V. Wipontind, however, the
epidermai iayey is ot aistinetly pyotracied from the wsin lesf
tissue, and the Taver iSES'Il microns thick (Fig. 138). This layer is
nlahly oi i terous Sn Vo bipentind (Vig. 168), but not in ¥, feopoldii
(Fig. 15A). In bolh species, thelcni1s are obliquely arvanged or

- ¢lohgate transversely. The walls are sinous, somelimes straight or

convex and the euter periciinal walls are papillate.

There are simple unbranched bilobed trichomes in both species,
with their bases located in grooves on both surfaces (Fig. 15B,
arrow) . &rattered muttiseriate, mu1i1ce11u1a? trichomes are present in
V. ieopo?drrf whereas in V, brpoannr, uniseriate, multicellular and

T-shaped hairs are predominant.

fhe siomata ave anowocybic, with the guard cells on the same

ievel as the epidermal cells.

MIDVEIM. The epidermal Tayer around the midribs in both species
ts uniseriate, with the cells thickened on the outer periclinal walls,
papiitate, elongate vertically and rectangular to isodiametric or

sometimes bullate,

The cortax is wade up of both parenchymatous and’ cotlenchymatous
tissues(Fig. 16A). The collenchymatous part is 2-5 cell Tayers thick.
The cells are isodiametric, have angular thickening and they increase

in size towards the parenchymaious cortex. The parenchymatous section
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Fig. 15. Transverse leaf sections of Vernonia. A: V. leopoldii showing vein

distribution (Stella W. 8; x1000) B: V. bipontini (Stella W, 44; x2000)




a¢ dsociemeiric to polygonal cells thal are whout twice the size of

Fig. 160},

o~

he colanchymitous colls

The central vascular bundies are fused (gamatimns free in V.
eopoldii) forming an arc ir the medulia, with one free small rib
race at each end qf the arc. The bundies are collateral, with the
hloem being abaxial to the xylem and with the parenchymatous cells
urrounding them. A cap of sclerenchymatous tissue is found at the
daxial and abaxial ends of the vascular bundies of fhe midrib of
"bipontini,

Similar leaf anatomical cheracteristics have been observed by
‘ohannes (1988) in Vernonia galamensis Cass. and by Castro {1986) in
'ernonia cinerea (L.} lLess. among others. Hotver, Castro (1986)
hserved the abundance of druses in the mesophyll, a feature which was

wt observed in V. leopoldii and V. biponiini.

in general, anatemical studies of the leaves of V. Jeopoldii and
/. bipontini show quatitative variation as discussed above, but no

Hagnostic guaniitative differences were observed (Table 3),

$.4.2 PETIOLE ANATOMY

The adaxial epidermis is uniseriate in both spacies, 7-22
wicrons thick in V. Jeopoldii while it is 11-24 micrens thick in V.
bipontini. The colls in both species are elongated vertically and

isodiametvric to irregular. Periciinal wells are convex, ravely
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Fig. 16. Epidermal and cortical regions of leaf transverse sections of Vernonia
(x4000). Az V. leopoldii - Adaxial layers (Stella W. 8) B: V. bipontini - Abaxial layers
(Stella W, 17).




b9

V. leopoldii (Stelta W. 11,

.
*

Transverse sections of petioles of Vermonia. A

Fig. 17.

x1000).

V. bipontini (Stella W. 17;

x2000) B



Pt

The sbarial epidermiz is similar oo the adaxiat wng in
structure, and is 7-28 microns thick in V. feepofdi7 hut 10-18 wmicrons
thick in V. bipontini. Botn fﬂe adaxial and the abaxial epidevnis are
piliferous in both species but are more 30 in V. bipontini. Beth the

glandular and the non-glandular hairs ave present.

Quantitative data from both species does uot show any diagnestic

differences but only continuous variation between them {Table 4).

4.4.3 STEW-NODE-LEAF CONVINUUM.

A study of hand sactions of the nodes showed the presence of
three gaps hence suggesting trilacunav nodes in both species. In V.
leopoldii, however, the petioles consistentiy have Tive free bundies,
with two small rib traces. In the Teaf midrib, the five bundies fuse

to fovm an arc while the small rib traces remain free,

Accarding to Howard’s (1979) classification of nodal paiterns,
the V. Teopoldii node can be described as 3-3, bundles free, with the
Jateral traces dividing te form five traces (Fig. T/A) . A similar
situation is shown in the genus Pedi?anthus (Fuphovrbiaceae) (Howard
Toc. cit.). In ¥, bipentini, the bundtles ave consistently three, free
throughout the petiole and fuse to fovm & central arc in the medulla
of the midrib. Hence, the nodal pattern can be describedﬁas 3-3,
hundles free, 3-trace , free throughout the petiole according to

Howard (1979) (Fig. 178).
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with dacunar thickening. Thess cells are alongate tengentially and are

about, tiree times as long s wide,

Tha parEﬂchymatoué cells are polygonal near the c011eﬁchyma but
tend to be more or less isodiametric towards the cylinder of vascular
oundles. The walls are thin and sinous . In mature stems, the cells are
etongate transversely and are zbout 1 to 4 times as fong a3 wide,
increasing in size towards ihe medulla. The parenchyma cell walls arve

thickened.

Medullary rays

The medullary rays of early wood ara b-7 cells wide, widening
towards the pith. The cells are polygonal, olongate radially but
becoming elongate transcurrently towards the pith {Fig. 20B). In
maiture wood, the walls of the cells become secondarily thickened, with

simple pits,

Yascular bundies

In transverse sectisns, the coliateral bundles form a ring with
each vascular bundle being accomoaniad by a large crescent shaped cap
of fibres in the pericyciic region (Fig. 20A). This is, typical of the
Compositae as is indicated by Hetcalve and Chalk (1950), The'
sclerenchyma caps bacome more deveioped in mature stems and sclerified

cells hecome more abundantly scatiered in the phlosnm.
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(Stella W. 17; x1000). A
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i stem

Transverse sections of Vernonia bipont

Fig, 20.

: Bundles - pith.

B

.
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Cortex - bundles
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The pith is distinci with varsnchymaious cells, elongated

vadially Jjust benesih the bundle and polygonal, 6-8-sided, but
I's
£

) , /s . . -~ , ..
regularly hexagonal at the Centre. The persistence of tne pith, mainly
a water sicrage tissue, may be related fo the mesic-tropical habilat

of these two species.

4.4.%, W00 ANATOAY

Vessels

The vessal elements in both species were measured from
tangential seciieﬁs. They are 22-125 microns in V. leopoldis and 30-60
microns in V. bipontini. The average diameters are 58.1 microns and
41.7 microns for ¥. Jeopoldi/i and Y. hipontini vespectively, The
vessel element lengihs are 190-420 microns in V. Teopoldii with the
average length being 297 micvuns. In V. bipontini, the range is 150 to
350 microns, with an averege of 207 microns. Hence both species have
small elenments that are velatively long {Tah?g 5Y. This is not unusual
as Carlquist {1964) observed that in conirasi with the other tribes of
Compositae, shori vessel olements are unusual in Vernonia. Carlquist
{(loc. cit.) further observed thai the lack of exceptionally short
vessel elemants in Vernonieee wmust be copsidered as lack of great
specialization and may help account for the Fact that tracheids are

-

not evident in any VYernonieacz.

Untike wost Yernonieae, the vessel elements of Lhese two species

have multiperforate plates in which many (10-20) bars are present.




Fig. 21. Pith (A) and vessel showing perforation plate (B) in Vernonia. A: V.
leopoldii (TS)- (Stella W. 11; x1000) B: V. bipontini (LS)-perforation plate on element
at centre (Stella W. 17; x4000),

b




Fig. 22.

Wall thickening and pitting on xylem vessels in Vernonia leopoldii (Stella

W. 17; x2000). A: Annular and helical thickening and near-scalariform pitting on the

walls B: Scalariform-transitional pitting with longer pits on walls and helical thickening.
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Fig. 23. Intervascular pitting on vessel walls in Vernonia bipontini (TLS)-(Stelia
W. 17; x10,000). A: Alternate elliptic bordered pits with interconnecting grooves Bt

Simple pits (left) and half bordered pits (right).
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The vessels ave croubed in clusters of 3-2 cells (b jg.18A, 203,
et i % J 7 f
pepacially in the sacondary xylem, bub are in vadgial vows of up to &

13

cells in the primary xylem (Fig. 24y, In general, There ave vevy feu
solitary pures. This is unlike what has been previousty observed for

Vernonieaa, as they have very few grouped vessels {Carlauist 1964).

The Jeaf trace bundles are distinct from the other vascutar
bundles in that the primary xylem vesseis are well developed, as seen
in radial pore rows in transverse sections but the secondary xylem

vessels are not developed all, ov may only be scanty (Fig. 248).

Fibres

The libriforim fibres are dominant in the xylem of both species.
These fibres are mainly thin-walied, with the walis smaller in size
than the Tumen in most cases. The cells taper sharply at the ends and
have small vertically elongated pits. Septaté fibres are present, The
variatéon in fibre Yength in both species is given in Table 5. The
fibre lengths are 220-580 microns in V. ?éop&?dii; with the average
length being 401.2 microns. In V. hipontini, they are 150-540 microns
and the average length is 316 microns. When compared %i?h {ibre
lengths of other African species of the genus Vernonia (Tabie 5}, they
are velatively shorter {cf. V. conferta Blake and V. colorata Drake).
On the whole, these figures for the fibre lengths correlate wall with
the vessei element iéngths, Thase chsarvaiions also Tit well with

those of Carlquist {1964) on other species of Vernenia and other
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Fipitecarpfie and Profeonsiy.

Axial parenchyma

¥Yacicentric parenchyma is comnon, fovming a complete sheath
arvound the vessel or vessel groups. Ordinarily, they occur in stirands
of 1-3 cells thick. This is a common feature of the Compositae
(MetCalfe and Chalk 1950} and is typical of the Vernonieae {Cariquist
1964) .

Yascular rays

Uniseriate rays ave scanty in both species, bul when prasent,
they are conposed mainly of evect cells, High, wide, multiseriate rays
are predominant, with abundant erect cells enciosed by a distinct
uniseriate sheath of erect cells thal are much more elongated axially.
Erect cells present as wings on ihe rays aﬁé not common. The centrigl
vegion of the vay is composed of obligue and procumbent celis. This is
genavally not typical of olher Vernuaie as the gewnus {is nermally
represented by rays with abundant procusbent ceils (Carlguist 1964).
The majority of the Compositan, howevaer, have ereci ray cefls

predominantiy, as is shown in Heliantheae {Cariquist 1953},

The ray cells, as is typical of Yernonicae {Cavigquisi 1964}, are

relatively thin walled bul secondary walls are Tignified.




The meh, wide, prlpavy-oyviem-Tike ray: o0 Lhose W0 SoRCies may
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The growth vings erve aob maskedly preaounced, nov 15 the

o

storying of the woed. This is typical of Yernonieas, unlike other
¥p

Compositae (Cerlquist 1964},

£.5  CYTOLOGY

The chromosomes ot hoth V. Teopoldii and V. bipontini are very
small, about 1 wicron in size and hence very difficult te count. The
mitotic metaphase count from the somatic cells of the root tips

indicated a chromosome number of 36 in both species (Fig. 25).

The basic chromosome number for most 01d World species of
Vernonia is x=%,10 {Jones 1981}. Jones {1374) had previously noted
that the African species of the section Stenaelia (Genus Verﬁanfa)
have n=10, while other African species have n=% or n=10. Based on this
conclusion, it follows then that V. leopoldii and V. bipontini ave
'tetrap?oids with n=%. However, in the systematic reﬁiew of Vernonieae,
dJones (1977a:511) stated that ¢ the 07d Horld species have n=9, 10,
18, 20°. This implies then ithat these two species could either be
diploids with n=18 or tetraploids with n=9. It was, however, not
possibie to do a meiotic chromosome count, which would have

facilitated verification of the Tevel of ploidy.




78

itotic

M

A

x10,000).

Stella 44;

i(

fn

bipon

3

id

‘HO

in Ver

3

hromosomes

C

Fig, 25.

metaphase B: Mitotic anaphase.



i SPECIMEN CHR

|
i
v wlyssinics Sch.Bip.aes Walp ] n=
VL adoerisis Beh. Bip. e
L afromoniena KU Fries 0=
PV wpgdaling Del Z 2n
iy . arbores Bud e
1Y . aureniiace {0 G NEprowe | n=
bv. bainessi i Oliver & Hiern. ne
iV Bellingliamis ,‘Moem - Zan
%V. braclvcalyx .’ 20
VL sneres : S
l‘.«' cisiifuiin C.Hellm. L fs
VL glubra Wee‘*ﬂ Yatke n=
v hobtii O, BoTim, I oa
Voo mellerr Giiver & Hiern ! n=
Vo naialensis Sox Bip. % 20
v oligogephale (00, 3ip ‘l‘ Z
v.oonpure O Floffo ;

V. purersid Qliver & [iern 3

Vo PIReIOrSa Muschi’cr :

V. smithina Less. i
Y. momsonw«m Oliver & tliern

V. lufneiize 8. Woore Li 2n
v . gatamensis [Tass.} Less. . 2n
v. Dipontind Walke X

V. leopoldii  Vatk , X=




40
ihe carowosune counts for these twe species arn veletively high
when comparce with those/of other Afvican spacies of Verponia (Table
6),especialiy vhose vhel ave ovtan confused ith V. Jeopo.dil and V.
R ”

Eipeatiny, vemely: V. smithisna tess., V. pazalensis Sch Dip. and V.

oligocephala (DC) Sch. Bip..

The possession of a similar chromosome number by bath ¥,
leopoidii and V. bipontini and yet different phenctypic expression

supports the distinciion of these twe as different taxa.

4.6  PHYTOGEOGRAPHY

The two species, V. leopoldii and V. biponiini are both highland
species, predominant on the Fihiopian Central Plateau, However, in as
much as they tend to occur in similar localities, V. Teepoldii is
dominart betw:en 1800-2500m above sea level, This species is endemic
to Fthiopia wnd s found mainly in Shea and Gojjam bub is sccasional

in Wellega, Keffa, Gonder and Tigray (Fig. Z6}.

Verrnanie Bipontini has alwost similar distyibution as V.
Jeopoldii, but teads o be more noriheriy in in distribution and

extends into the Yemen Arab Republic {Fig. 27}.

Yernonia bipéniini has a wider altitudinal and latitudinal range
than V. Jeopeldii. It is also appavent that the former has higher

ecological tolerance than the latter as it is known to occur in
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Map 1.

The distribution of Vernonia leopoldii in Ethiopia.
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Map 2.The distribution of Vernonia bipontini in Ethiopia and Yemen
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habitats ranging from wet areas, such as river banks, to dry, exposed

areas such as slopes and cliffs.

It is possible that these two species could have previously been
more frequent on the Ethiopian highlands than is the case at present.
This is because these highlands are heavily cultivated and only a few
scattered patches of natural vegetation are left. As a result both
species tend to be confined to roadside clearings and wastelands and

occasionally in abandoned scattered patches of natural vegetation.
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UERHOHIA Sohreb. ia Cen. PT. it B4 {1791}, lype: V. novsborencis (L.}

Willd. (Horth Amsrica).

Herbs, shrubs ov irees with alternate simple Tleaves and usually
terminal corymbs of heads; invelucre various, of many rows of phyllaries;
receptacle naked; florets all bisexual, blue, white or purple, Qery
rarely yellow or. orange, excéeding the jnvolucre at anthesisy achenes
columnar, often angled or ribbed; pappus usually of two series, outer
scales and inner bristles, sometimes of many rows of bristies, rarely of

one rouv.

Key for Vernonia leopoidii and V, bipontini.

Leaves thinly pale-brownish tomentose with ihe  epidermal surface

visihle, frichomes predominantiy V-shapad, terste or }abed,

with unegual short arins; petioles with five vascular Uraces;

teaf adaxial epidermai Tayer always uniseriate 1.¥. leopoldii
eaves densaely whitish-tomentose beneath with the epidermal surface

not visible; trichoues predqmjnani}y T-shaped, longhorn iype,

with subequal to equal terele, £1lifors arms; pevioles with

three vascular traces; leaf adaxial epidermis usually

biseriate ' 2. ¥, bipontini
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&0 1 VYernonia Teopoldis {(soh. Sip.) Vaike v Linnaea, 39:478
(1e/57; tufodentis, Eﬁum, Pi. Aethr 19067, excl. Cyanopis hypoleuca
{1567},

Cyanopis leopoldii Sch. Bip. ex Walp., wa1pg%s Repert. Bot.
Syst., 2:949 (1843); A. Rich., Tent. F1. Abyss., 381 (1848) excl.
Schimper 246. Orig. Coll. : Ethiopia, Tigray, Adwa, Mt. Scholoda,
26.1X.1837, Schimper 9 {lectotype P!, isolectotypes K, UPSI).

HMap 1, Fig. 26, 27A-D, 28, 29, 30, Appendix 1.

Shrubs or vrarely woody herbs, 0.5-2.5m high; stems with ascending
branches from near the base. Indumentum brownish-grey, with short
appressed T-shaped hairs that have unequal arms. Leaves alternate,
simple, petiolate, witk the peticle {0.2-)0.3-0.8(-0.8)cm long; lamina
9.0-15.5 x  5.0-7.0cm, ovate-lancenlate, lanceolate or elliptic
lTanceolate, giabrescent, pitese or shortly sirigose above, tomentose
especially on the veins . beneath; bhase obtuse to decurrvenit; margins
subentive to coarsely sevrate; apex acute to acuminate. Intlorescence of
terminal to subterminal corymboid or Jax paniculaie cymes; capitula 0.8-
l.lem at anthesis, 0.6-0.8cm long in fruit; receptacie,aréeiate, convex
to flattened; involucre cylindric, campanulale or turbinste, 0.3-0.7 X
0.4-0.6cm. Phylilaries 5-6 seriate; outermost phyliaries green, usually
appressed, linear lanceolate to ovale lanceolate, I-nevved, (1.2-)1.5-
2.7(-3.2) x {0.3-)0.4-0.6{-0.8)mm, margias entire, outer surface densely

tomentose, immer surface glabrescent, papiltiate, apex acute-acuminate;




middle phzllevies groeen along the midvib and Sase, purpic Lingeo on the

SEAVIOUS @avging, acicular, apogesued, sitiobeg- fanseofate, obianceolate oy

W

etliptic-lanceoiate, (¢ 5-33.5-5.80.9.8) ¥ {0.8-3).8 1.4(-i.6)mn, apex
gradiaily Lo abrupily narvowsd, scute 1o 2oupinate, margins  entire to
minutely toothed at ihe apax, ouler surfece tomeniose at the apex, inner
glabrous or glabrescent, papillate; innermost phyllaries pale green,
purple tinged at the apical region continuing on the exposed parts of the
scarious margins, appressed but the apiculate tip sTightly reflexed,
narrowly ellipticzlanceolate to oblanceolate, 3-nerved, (3.7-)4.2-6.5(-
6.6) x (0.6-)0.7-1.6mn, margins entire to minutely toothed at the apex,
outermost surface tomentose at the apex, inner pilose and papiliate,
giabrous towards the base. Florets tubular, campanulate,purple, glabrous,
4.6-6.6 x 0.4-0.9mm, hermaphrodite, 5-lobed at the apex; anthers yellow,
2.3-3.2mm tong, base sagittate, apex acute; style purple, 4.5-5.5mm long,
stigmatic surface bifid, 1.5-2.9mm Jong, hispid, exserted at anthesis.
Achenes pale fo dark brown, (1.0-)1.35-2.3 x 0.5-0.7mn, glabrous or
sparsely pilose on the upper half of the achene, with bilobed glandular
hairs, oblong oboveid to turbinate, (4-)5(-G} ribbed, pappus biseriate,
inner set setiform, barbellate, 3.2-5.6mm Tong, caducous, ouler set
reduced, forming a coroniform rim, 0.1-0.35 mm long, white.

Potien grains subechinolophate, tricolporate, micropunciate with a
continous tectum cover and spines on the muri, with an avgragé diameter

of 33.72-59.9 microns. Chromosome number = 36.

VARIATION: V. Jeopoldii s wnot very variable in its vegetative
chavacter states. Most of the variation in the floval parts is continous,

such as is shown in Fig.31-33. The phenotypic variation is apparently
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Fig. 26. Vernonia leopoldii. A: Habit (Mesfin T. 7259) B: variation in leaf
(Mooney 8858) (x0.65).
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DAMTER T.

Fig. .27. Details from capitula. Vernonia iéc;;;bldii:- A capitulum x3, B-D:
outermost, middle and innermost phyllaries x10; Vernonia bipontini E: achene x10, F:
capitula x3, G-K: phyllaries x10 - G. outermost, H-J. middle K. innermost, L: whole
floret x10, M: stamen x10 (A from Mesfin T. and Kagnew Y. 2049, B-D from Mesfin T,
7259, E Evans 436, F-K from Friis et al, 3820, L-M from Afeworki G. and Mehret A, 12)

i




A
Ovarall —
Variation, _——
—:_"——'—-'—'_._w
KF/va —
= st
e
e .
T M e T ae R AA ae A1 30 3L 34 86
Fig. 28. Variation in the outermost phyllary lengths in Vernonia leopoldii.

(Abbreviations for regions on vertical axis:- GD = Gonder, GJ = Gojam, KF =Keffa,

SU=Shewa, WG =Weliega)
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Fig. 29. Variation in the middle phyllary lengths in Vernonia leopoldii

(GD =Gonder, GJ=Gojam, KF=Keffa, SU=Shewa, WG =Wellega)
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Fig. 30. Variation in the innermost phyllary lengths in Vernonia leopoldii

(GD =Gonder, GJ =Gojam, KF =Keffa, SU =Shewa, WG = Wellega)
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related to the envivonmental variations. Pepulations 1a open broad-leaved

basnlandg, a  tyeical habitat for thin spacies, tend to have well

F L

developed cauitale  wsaatly  wilh meny (50-209) capitula per

I

confiorescence, Howevey, thosz from cooter and welioy habitats such as
forest mavging have capiivla thal ave yeduced in size «s well as number
{cf. Hooney 8B58 and Mesfrn and Kagnsy 18689 - fppendiy 1). In these
plants, the vegetative parts tend to. be well develoned {(Fig. 26B), with
sparse indumentum, while the purple pigmentatien on the phyllaries is not

well developed as these are mainly shade plants.

DISTRIBUTION: Endemic to Ethiopia, -being found 1in the f@110wing
regions:- Gonder (Simien Awrajé); Gojam (Choke mis., Debre Markos
Awraja); Shewa (Addis Ababa, aiong Ambo road, Bole Yalley, Debre Libanos,
Entoto Hills, Goha Tsion, Guder-Gheddo road, along Jimma road, Menagesha

State Forest); Wellega (Amarti Vallay); Keffa (Wushwush).

ECOLOGY: 1Inm scrub on dr? to wet hnillsides, gorges or roadside
thickets, wastelands Lo fovest margins, usually associated with Acacia
abyssinica Hochst, ex Benth., HMaytenus pgéter?fskiofdesl(Lnes.) Exell and
Mendonca, Hibiscus spp., Phytolacca dodecandra L’Herit., Rosa abyssinica
Lindley, Carisse edulis (Forssk.) VYahl., Salix subserrata Willd., Myrica
salicifolia Hochst. ex A. Rich. and Rumex nervosus Vahi.. This species

generally arows on shallow soils and rocky ground: Alt. 1850-2850m.

SPECIMENS STUDIED: ETHIOPIA

GONDER; Siwmien, Limalimo, 3.11.81, Hesfin and Kagnew 1889(ETH).
GOJAN; Choke mts., 23.5.87, Fvans and Lythgee 307(ETH), Debre Harkos,




26,10 31(ETHY, Hesfin  and :Kagne# wsifery, <. 1. L,11.8%, fercier
2o {E iy, e jen, 2%.10,8}; fosfin and Kagaew 1018{ETH). SHEWA; Addis
Alrabe: 19.11.83, Hroney Eééﬁ(ETH}, 3.11‘?15 Jackson ®85{FTH), 71.11.65,
e Mitde 2956(ETHY, Menagesha State Forsst: 27.32.79, Jebsebe J14(ETH),
1.12.69, lundstrom 223A(EA), 19.11.72(ETd), Friis et. al. 1285(ETH),
Entote Hills: 3i.12.685, De Wilde 9521(ETH), 14.11.72, Friis et al.
1167(ETH), Ambo road, 27.11.65, De Wilde 8974(FtH), Goha Tsion: 8.11.81,
Mesfin and Kagnew 2043(ETH), 28.10.81, HMesfin and Kagnew 1559(ETH), L.
Wonchi, 17.2.74, Gilbert and Tewolde 3233{(ETH), Ginji, 22.12.84, Hercier
1969(FTH), Babich, 20.11.88, Hesfin 7063(LTH), Kersa river valley,
17.11.88, Friis et al, 3823(ETH), Yeke Arsano, 20,11, 88, Mesfin, 7260,
7261, 7262(ETH), Jibat, 29.10.85, Sebsebe and Ensermu 1658(ETH). WELLEGA;
150km. west of Guder, 2.11.62, Albers 62473(ETH), Jimma voad, 24.12.62,
Tekle Hagos 28(ETH}). |

4.7.2 Yernonia hipontint Vatke in Linnaee, 39:475(1875}.

Cyancpis leopoldii Sch. Bip., Halpers Repert. Bot. Syst. 6:98
(1843); A. Rich., Tent. F1. Abyss. 2:38] (1847} in part. Orig. €oll.
Ethiopia, Tigray, Adwa - ¥i. Scholoda, S.Xi.lgéiﬁ Schimper 246

{lectotype Pi, isolectotypes Ki, UPS),
C. hypoieuca Sch. Bip., Yalpers Repert. Bot. Syst. 6:98 (1846);
A.Rich., Tent. F1. Abyss. 2:382 (i847). Specific epithet nonvalid
for Vernenia. Type: FEthiopia, Tigray, near Axum, i8.11.1842,

Schimper 1542 (holetype P!, isotypes Ki, UPSL:.




Map 2, Fig. 276-M, 21-34, Anpendiy 2.

F

Smatl sheubs, arect to siraggling woody lierhbs, G.6-1.%m high; stems
with ascending branches from near the base. Indumentum of densely
appressed greyish-white fo brawnish;grey T-shaped hairs with eéua? to
subequal filiform arms. Leaves alternate, simple, netivlate; petiole 0.2-
0.5¢cm long; Tamina 4.5-10.0 x 0.8-4.5¢m, ovate lanceolate to narvowly
lanceolate, hase decurrent, pilose, scabrous or tomentose above, densely
whitish-tomentose to velvety beneath, ‘margins subentire, finely to
coarsely serrate, apex acute to aciminate. Inflerescence of terminal to
subtefmina? corymboid, paniculate or subscorpiod cymes. Capitula 0.8-
l.4cm Tong at anthesis, 0.5-1,1cm tong when fruiting; penduncles 0.2-
L.5cm long, densely brownish - whitish velvety tomentose; receptacie
areciate, convex to flatiened, glabrous. Involucre turbinate or eblong-
cytindric, 0.4-0.%cn tong; phyllaries (4-}5-6-seriate; ocubermost green,
Tinear, linear lanceolaiz to narrowly trianguiar, 1-nerved, {(1.1-)1.5-
3.4(-5.3) x (0.3-0.5(-0.9)mm, apex attenuate - apiéu?ate, reflexed,
margins entire, outer surface densely appressed whitish-grey tomentose
ekcept on the apicule, inner surface glabrous except at the apex, apicule
0.3-1.0cm Tong; middle ph¥llaries green along the midrib and base, purpie
tinged on  the exposad parts, acicular, ovate-, oblong-, or eTliptic
Tanceolate to oblanceolate, 2.5-5.3(-6.5) x 0.5-1.1(-1.7)mm, anex acute
to acuminate, reflexed, margine sometimes minutely toothed, outer surface
densely appressed whitish-grey tomentose on all sxpused parts, daner
papillate, pilose at apex, apicule 0.3-0.8mm Yong. {nnermost phyllaries

pale green, purple tinged or exposed pasis, appressed bui apiculate tip




(o)
[y

reflexad, narvowly clliptic Janceclate fo oblanceclate, S-nevved, 4.3-
£.0(-5.5) 2 1.2{-1.8)mm, géuie to apicutale al ihe apey, apicula 0.2-
0.6mm long, mavoins enfive bo aiautely tecihad at the apex, oufer surface
densely whitighaérey tomentose on eﬁpﬂsed narts, inamer surtacs pap:llate
and pilese at the apex, oisbrous towards the base. Flerebs purple,
tubutar, campanulate, glabvous, {(3.0-)5.0-8.6{-10.8) x (0.%-}0.8-1.1mm,
hermaphrodite, 5-Tobed at the apex; anthers vellow, {1.5-32.0-3.8(-4.2)mm
Tong, base sagittate, apex acute; style purple, (3.0-}4.7-7.2(-8.7)mn
Tong, stigmatic surface bifid, {1.0-)1.6-2.4nm long, hispid, exserted at
anthesis; achenes pale to dark brown, {1.3-)1.6-2.2(-2.6) x (0.35-)0.4-
0.7(-0.9)mm, glabrous or pilose on the upper half mainly oblong-obovoid
to obpyramidal, 4-5(-8)-ribbed; Pappus biseriate, inner set seliform,
barbellate, (3.6-)3.9-6.0(-7.0)mn long, caducous, outer set much reduced,
forming a coroniform border, 0.1-0.4um long, white.

Pollen grains subechinoiophate, tricolporate, with continous
micropunctate tecta and spines on the muri, 30.48-5%.24 microns in

diameter. Chromnosome ruber =36,

YARTATION: This species is highly variable in its morpholegy and
this is possibly why its taxenowic staitus has not been very easy to
define, Commenting on the variability within Cyanopis hypoleuca Sch. Bip,
{sensu stricto), A. Richard (1847) stated that ‘it is a very variable
species, sometimes nearly glabrous, it appears to me that it is quite
distinct from V. leopoldii’. Indeed it 1is quite distinet Ffrom V.
leopoldii, yet the intraspecific variation is so much, that one is

tempted to ascribe specific ranks to the varying populations. This high
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Fig, 31. Habit (A) and leaf variation (B-F) in Vernonia bipontini, A: Mercier
2778 B: Afeworki and Mehret 12 C: Friis et al. 3820 D: Mesfin T. and Zerihun W, 2835
E: Mesfin T. 7268 F: Sebsebe D, 416 (all x0.65).
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Fig. 32. Variation in phyllary forms in Vernonia bipontini. Var. A, Al-5:
outermost, middle and innermost phyllaries x10 (Mesfin T. and Zerihun W. 2835), B1-2:
outermost and innermost phyllaries x10 (Afeworki G. and Mehret A. 12); Var. B, C1-3:
1. capitula ).(3, 2.3, outermost and innermost phyllaries (Sebsebe D. 416); Var.C, D1-2:

outermost and innermost phyllaries x10 (Ash 2713)
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variabibooy within f0ie swectsn mesps fe e aluvibuichie o the high
argloegiogd bolovascs bhat 4L fHantays

Thrae varietiss heve boon vecognizen ‘n ihis siudy and have been

temporarily tevined as YVar, A, Yer. 8 ard Var, £

Key to the varisties in V. hipontind

ot

[
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[P

1.  Outerwmest phyllariecs lanceolais, Z.lmm long; leaf mergins
distinctly serrate or crenate Var. A

- Qutermost phyllaries linear, 2.3-5.3mm long; leaf margins
indistinciiy‘is very finely serrate 2.

2. Capitula subtendad by a set of phyllary-iike bracteoles that

are densely tomentose; Eﬁnermagt phyliaries Tess than 6mm Tong
Var, B

- Capitula not subtended by a set of phyllary-like bracteoles;

innermost phyllaries greater than 6.3mm long Var. €

£.7.2.1 V. bipontint var. A

For synenymy, see under the species.
Fig. 27E-M, 31A-E, 324-B.

Leaves ovate to ovate-lanceolate, margins serrate or crenate, upper
surfaces subscabrous with muitiseriate, multicellular glandular and Y-

shaped hairs; outermost phyllaries 1.1-2.1mm long, lanceolate, innermost




Ty

P

phyilavies 5.2-7T.tum Teng, ‘oblong-+1iietic ar eblarcesiata; schanss 1.6~

AR Tore dreses o sovae b L0 e

BISTRIBUTIOH: DFRIOPIA, Shows, Golaw, Gondor, Tigray, Eribrvea.

RLOLGGY o Dry  abvubly woodlands, brosd-tTeaded woodianas, voadside
bushlands and disturbed nabiiais, ATL, 1650-2800m.

NOTES: The variation in this taxon is related te the altitude and
the acology of the nabitat, Populations frem high altitudes and axposad
areas such as siopes with thin soil tend to have longer inmer phyllavias,
greater than 7.0mm Yong (Fig. 31D). The phyllaries are tomantose only at
the apsx, unlike the other populations frem Jowsr altitudes {<Z800m}
which pradominantly occur in broad-leaved bushiands. The Tatter have

dense tomentuwd on all the exposed parts. Populaiions typical of dry

i

nabitats with very thin soils tend to have iinear to linear-lancesnlate
Teaves {cf. Ash 105 and Frifs et al. 3820 - Appendix 2} with phyllaries
that are much narrowey (Fig. 27F-%, 31C),

H

SPECIMENS STUDIED: ETHIOPIA

ERTTREA; About Ska frem 3enafe, Deb Deb village, 19.11.86, Friis et
al. 4530,{ETH}, Bet-Ghiorais, Asmars, Afswordi and hﬁéhﬁé? 12{ETH).
GONDER; Debre Tabor Awraja, About 8km novth of Emed Ber, 6.11.81, Mesfin
and Kagnew 1995(ETH), Geech, Simien, 5.2.65, Lemma 648(ETH), Dabre Tabor
Awraja, 40km east of Hamnusit, 22.12.53, Mercier 1871{ETH), Simien
Awraja, Limalimo, 25.51*82} flestin and Zerihun 2835(FTH). GO0JAM; Hota
Ruraja, Sabara deldey, Abbay valley, 6.11.85, Hercier 2778(ETHY. SHEWA;
Manz, 30ke west of Mahel Heda, 27,1.85. Hercier 2170(ETH), ﬁi¢ Yerer,

3.11.54, Hooney 6282(ETH}, Bole Gorge, about %0ki novrih of Addis Ababa,




1200002, Frifs at o1, D1VHETE), Tagula Awraja, Bk norin of Ankober,

26,16 8%, fercier JEEI{0H;,; Yerer Baichi, 17.10.83, MNercier [B2G(ETH),
Yeke  Arcsan, toun h&ivtéﬁ Cuder and Gheddo, 2041 B8R, Hesfin
7350, 72680ETHY, Hegids, anthe slopos of ihe Kevsa river valiey, below
the Mpghey ﬁement‘FacLQPyi P2 3184, Feids et oad. 3HFOUETHY, Akaki viver,

west side, choutr lhm acrih of the highway bridge, }Vim novtn of Addis,

13.11.67, Meyer TAST{LTH), Cement factovy &l end of branch voad, on jefi

oft bebre-Markes road, about 45km novih of Addis, 6.12.6%, Ash I0S(ETH).

4,7.2.2 Y. Bipontini Var. 8.

For synonymy, see under the species.
Fig. 3z2C.

Stems unevenly hoary white; Leaves ovate 1o @vaia«fancea%ate,
margins subeatire with minute even sevrations, uppey surface subscabrous
with multiseriate, multicelTular and uniseriate, glandular trichemes as
well as T-shaped hairs; capitula sublended by phyllavy-like, tong,
filtiform bractecles that ave densely white-feltish tomeniose, 2.3-5.3mm
iong, almosi the same Tenglh ax the {avelucore, inmermest phyllaries
Tanceolate, 5.3-5.8mn long; achenes 1,3-2.%mw long, setae 4.0-5.1mm long.

DISTRIBUTION: ETHIOPIA; Shewa, Gonder.

ECOLOGY: Along viver banks or in cultivation, rarely in open

bushlands. Alt. Z090-2600m
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i

ROTES: TRis variohy b hotoger oo, uoian cesv disvinuisaed by the

presence  of  the  fifitovs;  oshyitary-Tike Bbpacteetles  subiending  the

capItiia.

SPECIMENS STUDIED: ¢THIOPIA:

GONDER; 8km from Azero ilewWn, of ihe wey 1o Setit Humera, 4.11.81,
fHlesfin and Kagnew i§19{£?H}, Gonder Awrals, ca. dkm north of Gonder, on
Setit-Humera vroad, 2.1:1.81, Hesfin and Kagnew 1935{ETH), closer to Tseda
town, about 20km\frum Gonder to Bahir bDav. 24.10.80, Sebsebe 416({ETH),
Gonder Public Health College, culiivated for medicinal planis project,
7.12.82, Sebsepna and Migatu EZGS{ETH), SHEWA; Aleltu vailey before its
contluence with Kessem, 24.9.72, Tewolde 1183%{LTH)}, upper reaches of the

Koromi viver, 17.11.84, Frijs et al. 3825(ETH).

8.7.2.3 ¥. bipontini Varl C.

For synonymy, see under spocies.
Fiag. 320

Leaves ovate lancenlate, margins wminufely serrate with the bases of
the teeth indistinct, upper surface pilose with uniseriate, glandular and
T-shaped hairs; outermosi phyllaries 3.1-5.3mm Tong, Tinear, outermost
and midadle phyllaries with apices elongated to about half the Tength of
the invoiucre, apiceé purple, filifTorm, retflexed, innermost phylilaries
6.5-6.8ma Yeng, oblong- to elliptic-lanceolate, apices siightly produced

ioto revlexed tipsy achenes 1.9-2.4man long, seiae 5.4-5. 8mm long.
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DISTRIBUYTON: ETHIOPIA; Shewa, Gonder.

ELGLOGY: On shallow so0ils ip open grassiands or rock ¢revices. Alt.
2100-3350m

NOTES: This variety ié resiyicted to the Cbﬁtréi Ethiegian_??ateau;
Eastern Shoa. It is a higé attitude plant, found above 2700m, generally
higher than v, ?eoﬁo?dff and any of the other varieties of V. bipontini,
It is easily distinguished by its phyllaries that have greatly elongated,
reflexed, filiform apices.

SPECIMENS STUDIED: ETHIOPIA:

ARST: Mt. Cacca, 25.12.53, Hooney S250(ETH),SHEWA: L. Arakit, near
Dila village on Hossana voad, 2.11.74, Ash 2713(ETH), KEFFA; Ht. Maigudo,
41kn from Jimma-Addis road on the Oma~ﬂadé track, 25.11.82, Frfis.et al.
1429(ETH) . '




4.5 CONCLUSION

f

From the current study, it is shown that the Vernonia leopoldii complex’
consisis of iwo istinct species, namely ¥. Jeopoldii {Sch. 8ip.) Vatke and
V. bipontini Vatke. Three varieties have also been recognized within Vernonia

bipontini and these have been designated as var. A, var. B and var. C.

The diagnostic characters used in distinguishing beiween the two species have
been obtained mainly from trichome studies, with suppert from Jeaf and
petiole anatemy. The two spacies were, however, observed to have similar wood
structure. As such, a study of the wood anatomy of the members of this
‘compTEx’ did mot provide any diagnostic features that could have been "of

significance i the systematics of the taxa included,
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APPENDIX 3. SCANNING ELECTRON MICROSCOPY.

Obtaining the magnification:

Example: When the measured value of D on the micrograph is 1.5 em, and

seale D is 10 um;
AN \ T1.8 em | 15,000 pwy bg.
\ - 4

Hagnilication = 0 wm 10 )5 ,
Eigsi?izition t D ! b : b _,1
35 " n n N
50 = _n_ n
75 4 n
100 o n
150 = M - n n_ M ~ _:
200 -y n - n n
350 = m - .
500 = M N
750 = M
1000 ~ J‘l )
LS00 e M m e )
2000 - — — — —
3500 = J.—.{ I__‘"
5000 - . =i )
/ 7500 —_, B —
10000 == } e )
1000 =/ 1 M)
20000 —— (! 1 M - |
35000 — M ] -
50000 == -1 =8
75000 ey -~ J

Bold line’ﬁ

Fig. 4.8 HMagnification mark and scalc
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Obtataing the magnificsLion, using tie Aviophot Photomisvoseope.
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Lo

ot the Film = Objeciive magnification X 2.% for 35um film.

= X180 for lavge format 9 X 12cm or 4 ¥ 5 inches.
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