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ABSTRACT 

A systematic study of Plectocephalus varians (A.Rich.) C.Jeffrey ex Cuf. was 

conducted with an objective of obtaining data that will contribute to rts relation with 

other members of the genus and to the related genus Centaurea L. Special emphasis 

was given to characters of generic value. Representative specimens of the fonowing 

taxa from Latin America were studied: Plectocephalus amerjcanus Nuttal, P. chilensis 

Hook & Arnott, Centaurea floccosa Hook & Arnott, C. bulbosa Hook & Arnott, C. 

atacamensis (Reiche) Johnston, C. tweediei Hook & Arnott, C. rothrockii Greenm. 

and C. cachlnalensis Phil. A~hough widely distributed in Ethiopia, the different 

populations of P. varians are found to constitute a single taxonomic species hence 

authenticating the previously established synonymy by Jeffrey (1968). 

P. varians is also found to be strikingly different from any known taxon of 

Centaurea in Ethiopia.Based on data from morphology, anatomy and palynology, 

two ecologically differentiated populations of P. varians are recognized: grassland and 

forest populations. The grassland populations differ from forest populations in the 

degree of the presence of indumentum. They tend to have a higher degree of 

hairiness compared to forest populations. A high or low amount of hair reflects 
. 

xeromorphic or mesic conditions. respectively. 

Forest populations tend to have dark-green broad and large leaves with 

prominent brochidodromous venation, whereas grassland populations have small 

shiny, light green leaves with inconspicuous venation. In the forest populations 

studied, stem anatomy revealed presence of a, hollow pith, but in the grassland 

populations, the prth is filled wrth parenchymatous cells. The significance of this is 

associated with either xeromorphic or mesic conditions. In grassland populations, the 

ray florets are entirely purple, but forest populations tend to have yellow or mauve 

ligulate flowers. The significance of this is not clear. 

I, 
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Pollen grains derived from grassland populations have much thicker exine 

layer (6.5-8.5 microns) and longer spines (3.0-4 .5 microns), whereas those from 

forest populations have much thinner exine layer (5.5-8.0 microns) and spinules (1 .5-

4.0 microns). 

A key to distinguish P. varians from the Latin American species of 

Plectocephalus is provided. In the I(ey Centaurea tweediei is given as Plectocephalus 

tweediel because ~ shares many characters mh Plectocephalus. In a recent 

communication about this taxon Jeffrey On litt.) wrote that "_ .. Centaurea tweediei H.& 

Am . ... belongs to Cheirolophus Casso nollo Plectocephalus." 
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1. INTRODUCTION 

D.Don (1830 in Index Kewensis) is a taxon about which many 

botanists have differing ·news as regards to ~s rank within the tribe Cardueae (Syn : 

Cynareae) of the family Compositae. Some are of the opinion that Plectocepha/us is a 

distinct genus and should be treated separately from Centaurea l.(1753), while others 

maintain that, since ~ is only slightly differentiated from Centaurea , ~ should be placed 

as a section under the later genus. According to Wagenitz 0n Davis 1975:466), 

Centaurea is "taxonomically a very difficult genus which needs much more study ... 

some sections stand clearly apart and could be treated as genera ... : 

'The tribe Cardueae Casso (1819), which many authors, e.g. De Candolle (1838), 

Boissier (1875), Bentham(1873) and Hoffmann (1894), treated under the illegitimate 

name Cynareae,was recognized by its "typical Cynareae Style" with its thickened or 

hairy articulation and by the absence of female or ligulate ray ftorets" (Dittrich in 

Heywood, Harborne and Turner 1977:999). By Examining the stylar character of all 

taxa of the four traditional subtribes of Cardueae, that is Echinopsidinae, Carlininae, 

Carduinae and Centaureinae, one will note that the thickened or hairy style articulation 

Is typical only of the Carduinae and Centaureinae. In the other two subtribes, 

Echinopsidinae and Cartininae the style is more or less cylindrical throughout ~s 

length, and the articulation is not thickened and is either covered w~h short or bristly 
I 

hairs. 

In the earliest studies 0,1 the Compositae of Ethiopia, ~ was noted that there is only 

~ one species ~of C~ntau,.ea, that ·is Centa(!rea varians A. Rich. under the section 

Cyanus (A. Richard, 1848). The description of this species was based on two 

specimens by A. Petn and Quartin-Dillon which were collected from northern Ethiopia. 



Boissier (1856, in Oliver & Hiern 1877) described Plectoeephalus cyanoldes Boiss. 

and P. abysslnlcus Boiss. Further studies on the Compositae of Africa by D.Oliver and 

W.D.Hiern (1877) listed eight species of Centaurea , of which three were recorded 

from the Ethiopian mountains. These are C.varians A. Rich; C. abyss/nica Sch.Bip. ex 

Boiss. and C. hoehsteNeri Oliv. and Hiern, and Plectoeephalus D.Don was given in the 

above as a synonym of Centaurea L. The names published under Plectoeephalus 

from Ethiopia were also given as synonyms of C.var/ans A.Rich. and C. abyssinica 

Sch.Bip.ex Boiss. Similarly names published under Plectoeephalus from other , 

countries were given as synonyms of Centaurea (Jackson, 1895). 

Cufodontis (1967), in his Enumeratio Plantarum Aethiopiae Spermatophyta, 

recognized Plectoeephalus as a genus and gave P. varians (A. Rich) C.Jeffrey ex Cuf. 

as the only species occuring in Ethiopia, and indicated that it is an endemic species. 

Under this species, Cufodontis (Ioe.cit) recorded: C. varians A.Rich. , P. abyssinicus 

Boiss. , P.cyanoides Boiss. , C.varians var macroeephala Vatke and C. abyssinica 

(Boiss.) Sch.Bip.ex Oli •. and Hiern as synonyms. In the same work, he also 

recognized three species of Cenlaurea from Ethiopia, that is C. melitensIs L., C. 

praecox Oliv. and Hiern! (Syn: C. rhizoeephala Oliv. and Hiern), C. solsliliafis L. and 

one undefined Centau;ea specimen. In a laler study on Cardueae (given as 

Cynareae) in Tropical East Africa, C. Jeffrey (1968) concurred wtth Cufodontis (1967). , 

In his Enumeratio Plamarum Aethiopiae, Cufodontis (1967) gave only a list of the 

genera and species occuring in Ethiopia. Jeffrey (1968) on the other hand provided a 

key to distinguish between Plectoeephalus and Centaurea . The distinction was based 

entirely on the charactel of the achenial pappus and that of the pollen. He also gave 

the phytogeographical distribution of the genus: According to Jeffrey (1968), one 

species is confined to southern USA, one northern Mexico, one in Ethiopia and the 

remaining few species in the temperate regions of~southern America. 

j 



a discussion on the pollen morphology of the Cynareae, Dittrich (in Heywood et 

11977) indicated Plec/ocephalus as a section of Centaurea . 

was in a disscusion on the position of PJectocephafus within the Cardueae between 

advisor and Prof. B. Nordenstam (Natural History Museum, Stockholm, Sweden) 

wh,.r. ~ was recommended that "a thorough study ot the Ethiopian material of 

P'elc/()Ce,p""us both in the field and herbarium was necessary, so as to provide basic 

information to the solutic.n of its rank.· It was on this basis that the research topiC was 
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2. LITERATURE REVIEW 

The Compos~ae, w~h o',er 20,000 species, are a "natural" family w~h well established 

limits and a basic unif.Jrmity of floral structure imposed on all members by the 

common possession of characters such as aggregation of flowers into cap~ula, and 

the special features of the stamens and corolla (Heywood et al. 1977). Most of the 

names applied to the group such as Synanthereae, Androtomeae, Nervamphipetalae, 

Aggregatae refer to such features. The basic classification of the family Compos~ae 

as recognized today is little different from that established by Bentham in his treatment 

for Genera Plantarum (t873a) and further explained in his work "Notes on the 

classification, history and geographical distribution of Compos~ae" (1873b). 

Bentham's circumscription of the family especially into tribes was largely based on the 

works of ea~ier authors, notably Cassini (1819), De Candolle (1838) and Lessing 

(1831) . Bentham (1873a) recognized the following tribes under Compositae: 

Vernonieas, Eupatorieae, Astereae, Inuleae, He!iantheae, Helenieae, Anthemideae, 

Senecioneae, Calenduleae, Arctotideae, Cynateae, Mutisieae and Cichorieae. 

Modifications to Bentham's tribal elassification of Compos~ae by Hoffmann, in his 

account of the family in Engler and Prantl's die Naturlichen Pflanzenfamilien (1889-94), 

Dalla Torre and Harms (1907) in their genera Siphonogamarum and Melchior in the 

sixth ed~ion of Englefs Syllabus (all cited in Heywood at al. 1977), forms the basis of 

the most current work. Although the 13 tribes recognized by Bentham and Hoffmann 

have been largely accepted to tlhe present day, some more proposals of the 

modification of the system have been made (Heywood at.!'l . 1977). , , 

To mention a few exarnples, then3 is a growing recognition that Helenieae is an 
J 

unnatural assemblage es indicated by Cronquist (1955, cited in Heywood at al. 1977). 

Also the position of tha ' genus Lial)um in the Vernonieae (Cassini) or Senecioneae 

(Bentham) is anomalou!". The genus Echinopsis which Cassini recognized as forming 



separate tribe, placed between Cardueae and Arctotideae, but which Bentham 

Jlae:edunder the Cardueae is also puzzling (Heywood et al. 1977). Recently Wagenitz 

cited in Heywood et al. 1977) has surveyed the distribution of certain characters 
, 

the tribes of the Compositas and has revealed "the existence of two rather distinct 

are)u"," of the tribes inside the Asteroideae, each characterized by several common , 
chi.racters and common1tendencies. The two gro~ps are: 

I. Vernonieae, U)beae, Mutisieae, Cardueae, Echinopeae and Arctotideae. 

II . Eupatorieae, Heliantheae, Helenieae, Senecioneae, Calenduleae, Astereae, 

Inuleae and Anthemideae. 
) 

He noted that the alfini1ies of Cichorioideae are closer to group I of the Asteroideae 

than to group II, agreeing to the division of Carlquist (1955, cited in Heywood et al 

1977). 

The tribe Cardueae (Sy": Cynareae) was delimi1ed by Cassini in 1815. From Bentham 
,I 

(1873a) to Wagenitz (1964, cited in Heywood et al. 1977), in the latest edition of 

Englers "Syllabus", classification within the tribe Cynareae has remained unchanged 

(Jeffrey 1968). It is pur&ly artificial, but has had the meri1 of some convenience and 

has therefore been reta ined. Jeffrey (1968), noted that insufficient further study has 

been made since Be·ntham's time to provide any reasonable basis for os 

improvement. 

Jeffrey (1968), in the key to the genera of East Tropical African Cynareae, recognized 

11 genera and discusSed in detail and provided a key to what he termed "the 

Centaurea·group". The question of the limits of thEP genus Centaurea L. is one that has 

been much disputed by many botanists (Jeffrey HI68). 

The earliest study on the Compositae of Ethiopia by A. Richard (1848) recognized 

only one species of Cantaurea i.a. C. varians A. Rich. under the section Cyanus. The 
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description was based on two specimens by A. Petit and Quartin-Dillon Irom northern 

Ethiopia. later on, D. Oliver and w.o. Hiern (t877) , in Aora 01 Tropical Alrica, 

recognized 8 species 01 Centaurea , 01 which 3 were recorded Irom Ethiopia. These 

are C. varians A.Rich.; C. abyssinica Sch. Sip. ex Boiss; (both currently kept as 

synonyms 01 Ploctocephalus varians (A. Rich.) C. Jeffrey ex Cut.) and c . hochstetteri 

Oliv. & Hiern. Culodontis (1967) listed only one species 01 Plectocephalus from 

Tropical Alrica as P. varlans (A.Rich.) C. Jeffrey ex Cut. and noted that it is endemic to 

Ethiopia. He also recognized three species of Centaurea from Ethiopia as C. 

melitensis L. ; C. praoco.< Oliv. & Hiern; C. solstitialis L. and a Centaurea sp. Jackson 

(1895) , in Index Kewensis listed lour species 01 Plectocephalus (Syn: Centaurea) as 

P. abyssinicus Boiss. (= C. abyssinica Sch. Bip. ex Boiss.); P_ abyssinicus D.Don (= 

C. ameriCBna Spreng); P. chilensis Boiss. (= C. chilensis Berth. ex BulL) and P. 

cyanoides Boiss. (= C. varians A.Rich.). The genus Centaurea L. has been given 

various circumscriptions from comparatively wide ones such as those of Baillen 

(1882), Bentham (1873), Hoffmann (1890) and 01 Philipson (1939) lor the Alrican 

species to narrower ones such as those 01 De Candolle (1838), Boissier (1875) and 

K1okov, Sosnovskii , Tsvelev and Cherepanov (1963) , (all cited in Jeffrey 1968). 

In the narrower sense there has been inconsistency between different authors as to 

which species should be kept under Cenlaurea and which should be excluded Irom it. 

To sONe this problem studies were made on CentaureB species in the broader sense 

with special attention directed to floral architecture, particularly the type and 

distribution 01 pubescence, on the style arms and anther filaments. In his treatment 01 

the Centaurean-group , Jeffrey (1968) constructed a key that shows the genera which 

have good grounds lor 'separate recognition apart lorm Centaurea based on pollen 

morphology, phyllary characteristics, pappus structure and pubescence on style 

• arms and anther filaments. He recognized 20 genera including Ploctocephalus within 

the group as being distiqct. 



The pollen of the tribe Cynareae was intensively investigated by Wagenitz (1955, cited 

in Heywood et al. 1977) based primarily on the genus Centaurea . He established 

phyletic trends w~hin the tribe starting with the most primitive Anthemoid pattern to the , . 
most advanced Helianthoid pattern which comprises pollen having great reduction or 

I 
absence of the inner columellae layer. Studies on Compos/tae pollen by Skvarla & 

Turner (1966) revealed four types of pollen based on the exine patterns at ultra­

structural level - i.e. Helidnthold, Senecionoid, Arctotold and Anthemold patterns. The 

Anthemold pollen pattern, earlier recognized in the Anthemideae , which is also 

common within the tribe Cynareae. is characteristic of non-caveats exines. Essentially 

rt consists of thick, lony series of basal columellae which support shorter levels of , 
columellae alternating with internal tecta. Noteworthy in the reports of Wagenitz 

(1956) , Duigan (1961) and van der Spoel-WaMus and De Vries (1964), (all crted in 

Heywood et al. 1977) is that the pollen morphology of those taxa which seem 
I ' 

Compositae- like, are all related tp one Compositae morphologic pattern, the 

Anthemoid pattern. The.' e studies suggest that the Anthemoid pattern is ancestral to 

the family. 

Based on pappus and pollen structure Jeffrey (1968), described Ptectocephalus as 

having homogenous pappus with spiny, thick-walled pollen of Serratula- type; 

whereas most species of clearly - differentiated relatively broader and shorter scales, 

and the pollen varies trbm being slightly spiny to strongly spiny and thin - walled. 

However, according to Jeffrey (1968), some few species of Cen/Burea have 

homogeneous pappus and smooth pollen which is erther thin or thick - walled. 

I ; 
As far as the tribe Cyflareae is concerned, Jeffrey (1968) has tried to delimrt the 

, I 

genera w~in the tribe by studying the floral characters. In the above cited worik he 

stated that .... "these studies have revealed a remarkable un~ormrty wrthin the tribe, 

and I have been unable to divide rt satisfactorily even into series .... ." Based on the 

above reasons, studies on the much disputed genera Plectocephalus and Centaurea 

i 

I 



other disciplines such as anatomy, palynology and morphology in add' ion to Horal 

is warranted. Also the uniqueness of the disjunct distribution of 

~/9ctoceIJh" luS i.e. that one species is confined to Ethiopia, one to Mexico and some 

others to the tempe rate regions of south America can arouse a lot of interest to 

phytog,eograp1hers (Jeffrey 1968), 



3. MATERIALS AND METHODS 

3.1. Materials 

Most of the specimens used in this study were obtained from the National Herbarium· 

Addis Ababa, Ethiopia (ETH), where the main part 01 the work was performed. , 
Specimens kept in the East African Herbarium (EA) were also studied. Specimens of 

Plectocephalus and Centaurea commonly found In Ethiopia were studied thoroughly. 

Some two species of Cdntaurea from KlNIait were also examined to understand the 

differentiating generic characters. The material for the Latin American species of 

Plectocephalus and Centaurea including type specimens was obtained on loan from 

the Herbarium of the Rcyal Botanic Gardens at Kew, England (I<) . The abbreviations 

of the respective herbaria are in accordance with Holmgren,Keuken and Schofield 

(1981). 

Reid trips were made between October and November in various administrative 

regions of Ethiopia, particularly Shoa, Kaffa, Bale,' Arssi and Sidamo. The plants were 

studied In the field and representative samples collected. These were carefully dried 

and are depos~ed in the National Herbarium, Ethiopia (ETH) and Dar·es Salaam 

University Herbarium (DSM) respectively. 

Ught microscope (LM) studies were made using an Olympus BH Binocular 

Microscope. The structures studied include epidermal peel (to study the stomata), 

pollen grains (to assess viabil~) and transverse sections of leaf blades, stems and 

petioles. 

I 

Ught microscope photographs were taken at the trad~ional Medicine Un~ of the , 
Ministry of Health, Addis Ababa, Ethiopia, using Zeiss Axiophot photomicrosoope ~h 

I 

a magnification range of .uP to x 250. 
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Gross Morphology 

, DElcirnerls used for studying vegetative and reprocuctive structures were carefully 

;onled out from the available herbarium specimens and from the field collections. 

intact, floral and vegetative parts in more or less the same stage of 

de',eh'prne,ntwere selected for this purpose. Features of larger parts of the plant such 

sizes of leaves, capitula, peduncle and phyl1aries were measured directly from the 

herbarium sheets using a hand ruler calibrated in mil1imetres. In the measurement of 

phyllaries the first, third fifth and seventh series were considered. The first series 

(outermost phyllaries) closely resemble the second series, likewise the third series 

(m,iddle phyllaries) resemble the fourth series. Stem diameters were taken from dried 

herbarium specimens (Appendix 1). Measurements 01 smaller parts of the plant such 

as anthers, style arms, filaments etc. were made under a Bausch and Lomb 

dissecting microscope equiped with a finely scaled x 10 ocular with a magnification of 

up to x 30. 

Dried flowers were measured usually after softening in boiling water for about 5 

minutes. A minimum of three measurements were made for the ray and disc florets in 

each capitulum, but as for the leaves up to 5 measurements were made. 

3.3. Palynology 

Plectocephalus varians is widely distributed in Ethiopia, and occupies diversified 

hab~ats. The morphological data alone could not explain whether populational 

differences exist, and therefore, these had to be supplemented w~h palynological 

data. Preliminary sludy on the shape of the pollen grains, surface ornamentation and 

thickness of various layers of specimens was made using an Olympus BH Binocular 

Microscope with a mag'1ification 01 up to x 1000. Pollen acetolysis was done following 

Erdtman's (1 969) proce,j ure. The acetolysed pollen was mounted in Kaiser's glycerol 

gelatin and sealed with l 'Vax . A minimum of 18 measurements were made per slide to 



determine the polar axi& length and the equatorial diameter, and 15 measurements 

were made per slide to find out the thickness of the nexine and sexine layers, spine 

base width and the length of the spines. The terminology used to describe the pollen 

grains Is in accordance with Erdtman (1969) and Skvarla et aI. (1966).The voucher 

slides are kept at the National Herbarium, Ethiopia (ETH).The non-acetolysed pollen 

grains were critically point-dried using liquid carbon dioxide, mounted directly on 

brass stubs with a double sided adhesive tape, gold -coated using a Jeol- fine coat 

ion sputter- JFC- 1100, and scanned using a JEOL- T 100 scanning electron 

microscope operated at 15 kV and a working distance of 20 mm in the SEM 

Laboratory of the East Alrican Herbarium (EA). 

3.4. Anatomy 

Only fresh material collected from the field was used in the anatomical studies. Cross­

sections were made from the materials, which had been preserved in Formaldehyde-

Acetic acid- Ethyl alcohol (FAA) mixture (Cutter 1979) for at least a fortnight. The 

material was dehydrated in a graded series of ethanol, embedded in a parrafin with a 

metting point of 60°C, and casted into blocks according to procedures outlined by 

Sass (1958), Gray (1958) and Cutler (1978) . Parrafin sections of 10 - 18 microns 

thickness were cut in ar'l Optical MA 820M microtome, attached to clean slides using 

Haupt's adhesive and flooded with 4 % formalin. Safranin - fast green differential 

staining method was used to stain the tissues. The sections were subjected to a 

treatment of 30 - 45 minutes in safranin as opposed to 24 hours suggested in Sass 

(1958), and from 30 seconds to 1 minute in fast green. Trichomes were studied from 
• 

the sectioned parts after staining using an Olympus BH Binocular Microscope at a 

magnification of x 1000. 
I 
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achene and leaf surlaces were studied using SEM. The achenial features studied 

SEM Included surlace sculpturing and pubescence of the fruits of both 

~el'tau,,!a and Plectocephalus. The leaves were compared in terms of pubescence, 

,tolmata distribution on both abaxial and adaxial surlaces and presence or absence of 



4. RESULTS AND DI SCUSSION 

outcome of the studies on P. varlans and related taxa are provided below. For the 

of clarity the result5 and discussion are provided under separate headings. 

1. Gross Morphology 

.1.1. Habit and liIe fo rm 

P/e,etocelJhalus varians (A. Riehl C. Jeffrey ex Culodontis is a perennial herb which is 

knc,wn only to occur in Ethiopia (Jeffrey, 1968). The plant survives for most of the year 

under -ground rhizome : all the above ground parts wither. The stem is 

de"urnb,mt., prostrate to semi prostrate or erect, measuring 18 to 150 em high, and 

usually unbranched bek w (Fig. lA, B). The rootstock is woody. Populations growing 

in well developed soils under shade such as in forests tend to attain a maximum 

height of up to 150 em (Fig.2, Appendix 1) whereas those found in open areas w"h 

poorly developed soils are short. The stem is more or less terete, striate-sulcate with 

non-glandular, uniseriats hairs . The stem diameter is between 1.5 mm and 6.0 mm. 

The internode ranges in length from 6 mm to 54 mm, with individuals from forests and 

forest edges having the longest internodes.(ef. Appendix 1). 

4.1.2. Leaves 

The terminology used t'J describe the leaf architecture and particularly leaf venation 

incorporates modificaticns of the earlier classification of von Ettingshausen (1861, 

cOed in Radford et al. 1974; Hickey 1973). Hickey (1973), points out that .. ." leaves are 

generally a neglected organ in taxonomic and comparative morphologic studies due 

in large part to the lack of unified, unambiguous and detailed classification of their 

features ... ." Generally the leaves in P. varians are simple, and measure 3.2-19.6 x 0.6-

5.9 em. They are distichous, rarely alternate, sessile, decurrent, and follow the 



trend in Compos~ae 01 increasing in size basipetally (Fig. 3). Leaves 

riainatinn from near tt19 base are petiolate. The lamina is ovate, lanceolate, to 

blanceolate or spathulete (Fig. 4 A·O). The young leaves tend to be lanceolate or 

In petiolate leaves, the petioles arB winged and they measure between 0.6 and 

The base is cuneate, sometimes attenuate or decurrent. The margins arB 

:orrlmc.nly dentate, widely dentate, ocassionally entire with long-stiff wMe hairs. The 

is usually acute, scmetimes mucronate, obtuse or rarely acuminate. 

most leaves, the venation is campylodromous-brochidodromous, and by this it is 

Tle,ant that the secondary veins arB not terminating at the margins and arB joined 

:ooletl,er in a series of prominent arches. This is observed in populations from higher 

anIlUO'" and from forests (Fig. 4 B-C). In some leaves the venation is hyphodromous 

wh,,,e all the veins are missing except the primary vein or are rudimentary or 

cor,ce,aled within the coriaceous mesophyll (Fig. 4 D). This is a common feature in 

populations. The primary vein is straight, unbranched and re latively 

massive as calculated from the relation VWj LW x 100% (Hickey, in Radford et al. 

1974), where VW is the vein width and LW represents the leaf width. In secondary 

veins. the angle of diver~Jence from the primary vein is moderately acute and is nearly 

uniform in leaves wrtr. brochidodromous venation. The veins are thick and 

proportionately wider relative to the tertiary orders. The secondary veins are sinuous, 

joining the super adjacent secondary veins at an obtuse angle. Intramarginal veins or 

the veins closely paralleling the leaf margins and into which the secondary veins are 

fused are common in all populations. The angle of anastomosing of the tertiary veins 

with the secondary veins is variable. In most cases the angle is obtuse or rarely acute. , 

According to Van Cotthem (1970, cited in Radford et al. '1974), the stomata type in 

Plectocephalus varians ·s anomocytic, that is, the stomata Is surrounded by 4 to 5 

cells that are distinguishable in size and shape from the other epidermal cells. The 

distribution is amphistornatic occuring on both adaxial and abaxial sur1aces of the 



with slightly assymetrical guard cells. Generally the adaxial surface has a lower 

of stomata compared to the abaxial surface, except for some populations 

the Harenna forest in Bale in which the upper surface is devoid of Slomata (Fig. 5 

The grassland populations seem to have comparable number of stomata on both 

,rfa,ces, and are many compared to forest populations (Table 1). 

1.3. Indumentum 

degree of hairiness in populations of P. varians seems to correlate with the 

colog,ical niche in which the plants are found. Populations differ in the density of the 

,rl"m"n'"m and arB e;ther tomentose, pubescent or glabrous. Glabrousness is a 

nn,iii' ii'ln common to forest populations only (Fig. 5 A) whereas hairiness is observed 

in grassland populations. (Fig. 5 E-F). Only one type of hair is prevalent among 

populations, making it less useful for taxonomic purposes. The hairs arB simple, 

and are made up of nucleated, uniseriate, lignified cells. The number of 

ranges from 4 to 20 per hair (Fig. 6 A-B). Rarely, a pair of basal cells is found in 

t ame hairs. 

1.4. Capitulum 

inflorescence is solitary terminating the main stem and j or branches. The capitula 

radiant with hermaphroditic disc florets (Fig. 7 A,B) and neuter marginal ray 

IflrlrA'·' . At anthesis it measures 1.6 • 2.7 x 4.4 . 10.0 cm. It was found that the size of 

capitulum is correlated with the ecological niche of the different populations. The 

IfctfA'" populations tend to have wider capitula than the grassland populations(Fig.1 

A,B; Fig. 2; Appendix 2). In grassland populations the widths of the capitula range 

from 3.5 em to 6.7 em, whereas those derived from forests measure between 5.5 em 

and 10.0 em. The involUt;re is olJoid, subglobose, nearty cylindrical or oblong. 
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the tribe Cardueae (Syn.Cynareae), the shape of the appendages of the 

is an important character for identification and characterization, in 

mh,in"'inr with other characters. According to Wagenitz (cited in Davis 1975). this 

shows great variability even in one capitulum, and more so between 

and populations, particularly the length of the spines. In all materials 

the phyllaries are 5- to 7- seriate depending on the level of development of 

involucre, and increase in size from the outermost to the innermost. They arB 

'bricat.e The colour is variable, i.e. they may be brownish-yellow, greenish-yellow, 

or light brown. They arB also variable in shape (Fig. 8). There are no significant 

Heren"es in shape anrl ornamentation of the phyllary appendages between some 

within a capitulum. 

outermost phyllaries are the shortest and measure 4.0 - 11 .0 x 1.5 - 3.0 mm, and 

either ovate or lancaolate in shape (Fig. 8 A,E). In most cases, this series is 

)mEmt,,.e or pubescent. In other series only the exposed parts of the phyllaries are 

" ,ne,,'n<F or pubescent. The middle phyllaries show variations in shape and size 

" i"hin a capitulum. They arB lancaolate to oblanceolate, ovate to narrowty obovate or 

..,,"", lanceolate (Fig. 8 B,C,F). They measure 8.0 - 21 x 2 - 5 mm. The appendages 

ornamented with reflexed, spine· like structures, and are normally few in number 

~omo,arE,d to those of tt ,e outermost series. The innermost series measure 17 . 21 x 

.0 - 2.5 mm, and are more or less linear lanceolate (Fig. 8 D,G). The reflexed spine­

structures on the phyllary appendages are fewer in this series compared to any 

series, and, in addition, they are either ciliated or glabrous. In P.varians only the 

series of phyllaries.are nerved. 
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e phyUaries of P,var/ens Wefe compared with those of P. americanus, P. chllensis, 

d closely related Centaurea spp. from Latin America such as C. tweedis/; C. 

casa, C. bulbosa , C. aracamensis, C.rothrockii and C.cachinalensis. In the 

aterials from Latin American species, all the phyllaries are nerved as compared to 

.varians, and the nervation extends even into the spines (Fig. 9 C, D-I,Fig. 10 D-F) . 

he Latin American species have strikingly variable phyllary morphology in terms 01 

ape, size and naturE' of the appendages. Their innermost series of phyllaries 

aasure between 30 mm and 39 mm in length, whereas in P. varians , the same series 

easure between 17 mm and 21 mm. They are lanceotate, oblanceolate, ovate, linear 

r linear lanceolate and, as in P.varians , are 5- to 7-seriate (Fig. 9 C-I, 10 D-F) . The 

ppendages are commonly ornamented with rigid spines or reflexed spine-like 

tructures of different SIzes, but in some cases they are membranous. In P.varians , 
nly the reflexed spine-like processes are present (Fig. 8 A,G) . 

. 1.6. Florels 

he florets are made up I)f marginal ray florets and disc florets. 

M arginal florets: The ray florets are neuter with sterile exaristate ovary. The corolla 

lobes are glabrous, purple, ye llow or rarely white, 4-5 fid at apex. They measure 

between (24-) 28 - 61 x 0.5 - 1.0 mm. The measurements for different populations are 

given in appendix 1. 

Disc florels: The disc florets are hermaphroditic and measure 11 - 36 x 0.75 - 1.5 mm 

( appendix 2). The corolla is 5 -lobed, tub.ular and glabrous, and strongly 

zygomorphic. The partition of the lobes and the tube coincides with the place of 

insertion of the stamens 
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in most Compositae, nervation of the florets is uniform, and the 5 ·longrtudinaJ 

nerves diverge at each sinus and fo11ow the margins to the apices of the lobes. 

style is usually exserted at anthesis, and slightly thickened below the point of 

urc:ati'on. and ranges In length between 10.5 mm and 35 mm. It is usually minutely 

,beSCEln!.. The stigmatic branches are 0.5 mm to 1.0 mm long and are papillate on 

underside. As in all Compositae, the 5 ·anthers are fused. They vary in length from 

to 6.5 mm, and are brown or rarely black in colour. They dehisce introrsely. The 

are tailed or sagiltate. The filaments are band-like, hairy or papillose and 

,A"SUI'A between 6 mm and 13 mm long. 

1.7. Achenes 

P. varians the achenes are ell ipsoid, cylindrical or subglobose, narrowly ovate to 

bavate, and measure ~etween 2 mm to 5 mm. They are usually brown to dark brown 

grey, rarely black, but more or less yellow at the articulation point. They are 

Ilat>re,;cent when ripe and compressed laterally or flattened at the sides. Under SEM 

few sc:altered, long, simple hairs on the surfaces are evident (Fig. 11 A) . 

achenes are crested with three conspicuous ridges on the articulating side. The 

terminate somewhere above the point of articulation. The articulation type in P. 

'arii,ns is basal - lateral (Fig. 12 O).As shown in Figure 12, the type of articulation 

ob,;ec,ed in P. varians is somewhat similar to those seen in P. americanus, (Fig. 12 A) 

P. /Woodie; (Fig. 12 B). In Centaurea melitensis (Fig. 12 C) the articulation is 

lat,,,al and there are no lidges. The pappus is inserted apic:ally and consists of bristles 

of equal form and leng':' , It is between 2 mm and 10 mm long and is barbellate or 

plumose, setaceous witt". silky-white hairs and caducous. 



F.g.1 • Habit and !He fonn In Plectocephalus varians (arrows). (PhoIo: Lyaruu H., Nov. 1990). 



Flg.2 _ P. varisos growtng under shade (arrow) . Note th(J hoighl of the plant compared to Flgs. 

lA. B. 



1-"---------- - ~-
• P. varians · Habit showing Upper part 01 the plant. from M.G.Gilbert at al. 465 (x 0.65) . .. · · f, .:~ ..... 



A 

c 

---------
• Var\allon In leal shape and venation In P.varlans. A: IIneef \snceolale wtth taint secondary veins 

(from Putt et at 820S~-2/ 13) , 8: Spathliat8 wtth bl'ochldodromous venaUon from (Evans at aI. 

385). C: Oval spalhlAate with brochidodromous venation (Irom De WIde 8547') . 0 : Ovate wtlh 

hyphodrOfTlOUS venation (from Lyaruu H 43). All x 1. 
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D 

F 

• Distribution of stomata and degree 01 pubescence on leal surfaces In P. varians. A:adaxlal B: 

abaxlal surfaces (both Irom Lyaruu H 21). C: adaxial D:abaxlal surfaces (both Irom Lyaruu H 52), 

E: adaxial F: abaXial surfaces (both from l yaruu H 43). AJI x 260. 



B 

• Trichome In P. var/ans.A: Epidermal peel )( 25 (from Lyaruu H1 7) . B: TS leaf surface to show 

trichome x 50 (from Lyal'uu H 52). 
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FIg.7 . Detah of the capitula In P.vsrians. A:. Capitula at bud stage xl (Irom lyaruu H21). B:CapitlAum 

at a nthesls xl (trom Thulin & Gibert 465). C: DIsc norel . O:Apk;a1 part of the plstl and 

syngeneclous stamens whh lalad anthers x 10 (both Irom Thulin & Gi bert 465) . 

- -
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G 

Variation In shape of the phyUari8s In P. varians. A·O: Outermost. rwo middle and Innermost 

seri8s x 10 (from S.B.Gilbert 1641). E-G: outermosl. middle and Innermost series x 8 (from 

Evans and Aen~ 385) 

-
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. Plectocephalus amer/canus • A: Upper part of the plant )( 0 S, B. Petiolate leal l rom the lower part of 

• 
the plant, )( 1, C-E: Phyllarles Irom the outermost (C) to Innermost (E) , )( 3. (A·E trom OartlngtOO 



A 

D E 
F 

. Plectocephalus chllensls A:Upper part of the plant)( O.S (from J.L Morrison 16871 ), S-C: 

Variation In leaf forms (8 from Werdeman 267). (C from I.M.Johnston 4795) • boIh X 1. D·F: 

Phyllanes trom the outermost (0 ) to innen1l()S! (F) x 3 (Irom J .L Morrison 1687 1) . 



• Surface features of the fruIts of P. var/ans x 260 (from lyaruu H 21) . . 
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c 
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o 

_ Achene su(,ctC8S and r;?to' .... artlcUation .1 P/ecfOC:phaJus and Centaur&8 • "':P. amerlcanus 

with three pt'om
1nent 

:,JOEIS (trom McVaugh 13267). 8 : P. rweedlel wtth several lelnt ridges (from 

M04'el588) . C: C. melitensis withoUt ridges (trom Mesfln & KaQnew' 1615), 0 : P. varian! wtth three 

p«>mI""'" n...~" (~om Lya"' U H 21). 
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4 Pollen Morphology 

exomorphology of pollen walls in Compositae have been studied by several 

rkers at the light microscopiC level. Pollen wall interpretations were started by 

cher (1890; cited in Skvarla et al. 1977) and this was followed by the classic works 

Wodehouse (1935), culminating with a family oonspectus by Stix (1960; cited in 

aria et.al. 1977). 

Initial studies to elucidate the internal features of the pollen wall were 

nducted by Stix (1960; cited in Skvarla et.al. 1977) using ultra violet microsoope on 

sectioned pollen. She described species representing aU 13 tribes of Compositae 

ere she recognized 42 "distinct pollen types." The pOllen of the tribe Cardueae 

( yn. Cynareae) was intensively investigated by Wagenitz (1955; cited in Skvarla et.al. 

1977) primarily on the genus Centaurea. Wagenitz established phyletic trends starting 

with an Anthemoid pattern pollen and ending in a pollen having a great reduction or 

senee of the inner columellae layer, resembling the more advanced Helianthoid 

pattern. 

Jeffrey (1968) studied the pollen morphology of Plectocephalus varians and indicated 

at it is of Serratula Iype in that it had spiny thick walls . In the present work the 

xtama! morphology of P .var/ans was studied us:ng both light and scanning electron 

icroscopes . The re sult3 BrB summarized in Table 2. 

4.2.1 , Slzo 

In Plectocephalus varians the pollen grains are highly variable. The length of the polar 

axis ranges from 33 microns to 56 microns, while the equatorial diameters range from 

33 microns to 54 microns (Table 2). There are variations In size within individuals, The 

largest pollen grains were measured from lorest populations where the length of the 

polar cOOs is 42 microns to 56 microns and the equatorial diameter is 44 microns to 55 
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rans . However, some materials from grassland and forest edges showed 

nsistency in their pollen grain sizes In terms of variations. For example the following 

eelmens showed very slight variation In pollen sizes: T.Kebede 8,_ the length of 

lar axis (P) was from 40·46 microns and equatorial diameter (E) 38-46 microns; in 

aruu H43, P= 40-48 microns, and E= 42-50 microns; and in Lyaruu H33, P ~ 40-48, 

d E = 38-48 microns. 

rgo variation was found in Anderberg 1639 where P=39-53 microns and E= 41 -51 

icrons and in Burger 1011 , where P=42-56 microns and E= 44-55 microns (Table 

.2.2. Shape and apertures 

A.s in most Compositae, the pollen grains in P. varians are isopolar, radially 

symmetrical, spheroidal or circular and rarely also sub-prolate (Fig. 13 A- B, Fig.14 C, 

liable 2). The ratio of polar axis (P) to equatorial diameter (E) is (0.869-) 0.909-1.17 

able 2). The grains are echinolophate, 3·colporate, and the colpi are short and 

arrow with lalongate ora. In this study measurements of colpi and ora sizes CQuid not 

e made as their boundaries were not clearly visible. In most cases, the colpi are not 
I 

well developed and they converge at some distance midway from the poles. 

e tectum is microperforate, continuous or sometimes discontinuous and 

ornamented wrth spines or spinules (Fig. 13 C, Fig. 14 B). 

4.2.3. Spines 

In all studied material of P.varians, the grains are ornamented with pointed processes, 

and these processes fall under two categories : spines whose length exceed 3.0 

microns and spinules whose lengths are Jess than 3.0 microns (Erdtman, 1969). 



all cases the spines are conical, broadened at the base with sharp apices, and vary 

length from 1.5 microns to 5.0 microns. The width of the spine bases vary from 5 

microns to 9 microns, and there is a correlation betvleen the spine length and the 

idth of the spine base (Fig. 15 A,B). Among the forest popula 'ons the spines are 

very short and never exceed a length of 3.0 microns. Generally forest species tend to 

ave very short spines compared to grassland species (Table 2). Tecta with and 

~hout perforations were encountered (Fig. 13 CoD). Sub-apical pores which are rare 

In Compositae (Mestin, 1984) were evident only in a single specimen of P. varlans 

rom Menagesha state forest (Lyaruu H21 , Fig. 16). In a pollen grain, the tectum can 

exhibrt both continuous (imperforate) and discontinuous (perforate) characters . The 

same case was observed in other studies (Wattimah 1990, Skvarla and Turner 1966). 

is consistent morphological feature negates tectum unity or disunity as a taxonomic 

marker. There is not much variation in the size of the micropunctae in an individual 

pollen grain but are unevenly distributed around the spines and along the ridges (Fig. 

13 C, Fig.14 B). 

The presence or absene8 of sub-apical holes in spines which have been referred to 

by several authors under different names such as ·Iacunae" -hohlraum-, (= empty 

space), -cavity-, -sub-apical holes·, has been a centre of controversy among 

palynologists and paleoecologists (Bolick et al. 1984). Some authors have found sub­

apical hole to be good taxonomic characters. Stix (1971 ; both cited in Bolick et al. 

1984) employed ~ to separate a number of closely related Inuleae taxa and 

Praglowski and Grafstrom (1980 ; c~ed in Bolick et al. 1984), have shown that 

Calendula maritima can be distinguished from five other species in the genus using 

this character. Skvarla et al. (1977), disqualify the presence or absence of sub-apical 

holes as a good taxonomic marker as it shows inconsistency within species and 

populations. The ccnciu;ion by Skvarla et al. (1977), finds support in this study as has 

also been done in the -evisionary work of the genus B/dens (Mestin, 1984). Ruffin 



35 

(1977; cited in Bolick e: al. 1984), advocates a more thorough survey of the size, 

mber and arrangement of sub· apical pores to evaluate their hty as characters for 

mpositae pollen. 

!4!2.4. Endomorphology of the polfen waif 

e internal morphofogy of the pollen wall was studied from acetolysed pollen grains 

using transmitted light. Since the Intine layer disintergates on treatment with 

cetolysing chemicals, only the exine (sexine and nexine) was studied. The sexine 

l8yer is baculate and ranges from 3.0 microns to 5.0 microns, whereas the nexine 

leyer is 2.0 microns to 5.0 microns thick. The two layers differ considerably in 

architecture. The nexine layer is more or less uniform in thickness, whereas the sexine 

l8yer is irregular and is much more thickened just below the spine bases. The surface 

morphology of the exine in P. varians shows the panern most commonly found in the 

tribe Vernonieae (Type A, Keeley and Jones 1979: Type IV, Kingham 1976: Type f, 

Bolick 1978b: all cited in Bolick 1983). 

These are considered to be the most primitive of the pollen types in Vernonia 

(Wattimah, 1990) and ttlerefore their presence in Plecfocephalus indicated a degree 

of primitiveness among the taxa. In this study a more or less linear relationship was 

found to exist between the exine thickness, the spine base width and the spine length 

(Fig . 15 B). Based on this observat ion, the pollen grains examined fait under two 

categories: those derived from grassland populations and those from forest 

populations. The pollen from grassland populations tend to have a much thicker exine 

layer with much more elongated spines and broadened spine bases compared to 

those derived from forest poputations (Table 2, Appendix 4). 
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4.2.5. Pollen viability 

e pollen fertility status ranges from 73.1 . 90 % (Tabfe3). The high percentage 

viability is a clear indication that Plectocephalus var/ans Is a homogeneous taxon 

egardless of the geographical division from where the populations are derived, that Is 

hether from the north, south , east, west or central Ethiopia, they show very slight 

variations in their pollen fertility levels. Similarly the demarcation between the 

grassland and forest p':>pulations is not clear when compared in terms at ~Ien 

viability, just like the case when morphology is considered. In this aspect h can be 

argued that populations of Plectocephalus var;ans irrespective of where they are 

tlerived from are essentially the same genetically and therefore constitute a single 

taxon. 
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:ig. 13 · Ught (A) and scanning micrographs of pollen grains In P. varians. A:Polar view x 250 (from 

l yaruu H08), B: WIth germlnaJ furrows (arrows) x 1900 (from lyaruu H 21), C: Perforate tectum x 

3800 (from Anderberg 1639), 0 : Imperforate tectum x 3000 (from lyaruu H B). 
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14 _ Scanning electron micrographs of P. 8IT1ericanus (A,B) and P. chllensis (C,D). A: polar view x 

1900, B: Tectum ornamentation x 6900 (boIh 'rom McVaugh 13267). C: CoIpus area x 1900, 0 -

Tectum ornamentation X 6900 (both 'rom Werdeman 267), 
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4.3 Anatomv 

4.3.1. Petiole 

The petioles in most populations 01 P. varlans are winged. TheV are smooth and 

rarely ornamented on the surface with uniseriate, lignified trichomes. Onty populations 

from Arssi had hairs on the margins. In transverse section, only two forms of petiole 

can be recognized· a most common triangular type and the semi-circular type. Both 

are wrth a moderatelv thin laver 01 cuticle that Is up to 3 microns thick; the thickness 

being much more pronounced at the midrib section and towards the petiole margins. 

The cuticle in most cases is smooth or serrulate. The epidermis is uniSBriate, with 

nucleated cells of varying sizes. The cells are more or less isodiametric to transversely 

elongated (Fig. 17 A, B Table 4). The outer perielinal walls are curved or convex in 

outline and their wall thiC'kness varies from thin to moderately thickened. The walls on 

the adaxial side are much more thickened than those on the abaxial surtacB. The 

anticlinal walls are however slightly thiCkened with straight walls (Fig. 17 A,B). 

Just below the epidermal laver is the collenchvma. Depending on the nature 01 the 

petiole, the collenchyma layer can be one or two layers thick. continuous or 

discontinuous. Where it'is discontinuous, it is confined to the midrib section of the 

petiole (Fig.17 A,B). In some cases the collenchvma laver is totally missing in the 

adaxial surface and only prominent in the midrib abaxiaUy , The collenchyma, being a 

supporting tissue in the ;>atiole, comprises of hexagonal to more or less rectangular, 

heavi lv lignified cells wrth angular thickening, and are much more elongated 

compared to other epidenmal cells, but slightiV smaller than the parenchyma cells 

(Fig .17 A,B). The collendtvma cells on the abaxial suriace are much bigger and much 

more thickened compared to those of the adaxial surface, In some petioles, the 

collenchvma cells lound just below the epidermis In the adaxial suriace are more or 

less sub- palisade like and include chloroplasts. 
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The parenchyma tissue comprises of very thin walled lsochametrk: ceOs and more or 

less polygonal cells of differing size, and Is Ioca ed lust below the cof1enchyma. The 

cells are enucleated and devoid of chloroplasts and hence could be assumed to lack 

both meristematic and photosynthetic activities. Those away from the mkjrib towards 

the marg ins and around the vascular bundles are heavily packed with chloroplasts, 

w~h the dens~ of the chloroplasts per cell increasing towards the petiole margin. The 

chloroplasts are centrifugally poSitioned in the cells, and are ovoid to elliptic in 

structure, sometimes joined together to form a more or less ring·like structure. 

In all studied materials, the vascular bundles are found in odd numbers and are either 

5, 7 or 9. The vascular bundle in the midrib is the largest (Fig. I? A). The remaining 

vascular bundles tend to become progressively smaller towards the petiole margins. 

The number of vascular bundles in the petiole can vary In the same individual 

depending on the position where the sectioning was done . If the sectioning was done 

close to the base, then '! is likely to have maximum number of vascular bundles. For 

example sections from different areas of the petiole from Arssi (Lyaruu H33) had 

either 5 or 7 vascular bundles. The same observation was made among the members 

of Pofygonum s.l. by Haraldson (1978). 

In all petioles, the xylenl pole is directed towards the adaxial side, w~ the phloem 

tissue pointing to the atlaxial surtace (Fig.l? A,B). Around the vascular bundles, the 

thin walled parenchyma cells are crushed to form cav"ies (Fig.17 A,B). According to 

Dittrich (in Heywood et al. 1977), these ca~ies are supposed to be secretory in 

function. Bundle sheath~ are prominent around the vascular bundles and are normally 

two layered: a continuous outer bundle sheath (sometimes referred to as 

endodermoid layer) w~h sclerified thick walled, hexagonal, elongated cells, I to 2 cell 

layers thick and slightly Ismaller than the normal parenchyma cells. A discontinuous 

inner bundle sheath wtnch is confined to the caps of both the xylem and phloem 

tissue as small hexagon~1 sclerified cells, usually in 2 to 3 layers (Fig. I 7 B). 

, 
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4.3.2. Leaf Anatomy 

The cuticle is fairly thick, and it is about 3.75 to 5.30 microns, and sRghtly thicker a the 

margins and on the midrib with fair periclinal striations. The epklermis is untseria 8, 

w~h th in cell walls except for the outer walls (. periclinal walls) and outer ends of the 

anticlinal walls which are thick and cutinized (Fig. 18 A,B). 

The epidermal cells are transversely elongated or rectangular In outline, sometimes 

isodiametric, in most cases the adaxial suriace cells being much larger than abaxial 

cells (Fig. 18 A & B). Whereas the adaxial epidermis measures between 17.5 and 52.5 

microns thick, the abaxial epidermis ranges between 12.5 and 37.5 microns (Table 

5) . The leaf is bifacial and the mesophyll can be described as "loose mesophyll" 

(Radford et al. 1977) due to the presence of air lacunae (Fig. 6 B). Around the mid·rib, 

the pallisade layer and the spongy mesophyll are indistinguishable as all the cells are 

more or less isodiametric (Fig. 18 A). The pallisade is one to two cell·layers thick, and 

measures between 60 and 220 microns. This layer is compesed of elongated 

rectangular cells, densely rich in peripheral chloroplasts (Fig. 6 B). Where the 

pallisade layer is two cell·layers thick, the innermost layer comprises of shener cells 

than those of the outer layer, and this layer is continuously interrupted by secondary 
, 

veins. In some cases, the secondary veins appear between the spongy mesophyll 

and the pallisade layer occupying the lacunae. The spongy mesophyll is two to three 

cell-layers thick, thin-walled, w~h more or less polygonal to isodiametric cells. The 

layer is 58 . 180 micron~ thick and consists of chloroplasts. The size of the pallisade 

and mesophyll cells decreases towards the leaf margins and the layers become qu~e 

distinct. The collenchyma layer is only one cell-layer thick, discontinuous and is 

confined to the midrib penion of the leaf. The cells are hexagonal, angularly thickened 
I 

or lignified. The number of vascular bundles differs in different populations and is 

either one, three or five . The vascular bundles are 'collateral and semicircular in outline 

with a large median vaSt:ular bundle, and the rest diminishing in size towards the leaf 



margins. Cavities are also common around the vascular bundles as secretory 

bundles. As in petioles, the xylem tissue is formed towards the adaxial side of the leaf 

and the vessels are axia Iy arranged (Figs 17 B & IS B). In rare cases, the fibres fa<m 

a continuous layer around the vascular bundles but commonty these are found 

laterally occupying peripheral positions and in cross· section they appear as caps on 

top of xylem and phloem tissues. The xylem vessel diameter ranges between 10 and 

27.5 microns (Table 5). The parenchyma cells surrounding the vascular bundles are 

very thin·walled, isodiametric to polygonal In outline, and nudeated, devoid of 

chloroplasts and, therefore, of no significance as a meristematic or photosynthetic 

tissue. 

4.3.3. Nodal Anatomy 

A study of nodes frorr free-hand sections and anatomical sections revealed the 

presence of a single gap, one median leaf trace with four small rib traces, two on each 

side (Fig. 19 A) . The vascular bundles are collateral and semi·circular in outfine. The 

nodal pattern in PlectocephaJus varians is, therefore, unilacunar. 

The evolutionary status of different nodal types in angiosperms has been the subject 

of considerable interest. Following an extensive survey of angiosperm taxa, Sehgal 

and Paliwaf (1973) con91uded that the trl·lacunar node is the most primitive node 

organization and that reductions and amplifications of this basic condition resulted in 

uni-Iacunar and multi-lacunar conditions. Therefore, P. varians with its uni-Iacunar 

node appears to be amongst the advanced members of the angiosperms. 

4.3.4. Stem Anatomy 

4.3.4.1. Epidermis 

In PlectocephaJus vsrlans the epidermal layer is entirely uniseriate measuring 

between 17.5 and 26.25 microns and comprises of irregularly shaped cells of varying 
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sizes. The cells afB isodiametric, rectangular or trans ersety elanga ad in 0Uthne. and 

are more or less one and a hall times as wide as long (FIg. t9 B). Bulla e cells are also 

common in some cross sections. The outer pencllnal walls afe curved Of' undulate. 

heavily thickened, measuring up to 3.75 microns thick. The antJdinal waDs are straight 

or sinuous and they Bre much more elongated when compared to the pericUnal waJls 

and are about 2.5 microns thick (Fig. 19 B). In most stems, multicenular, non­

glandular, uniseriate trichomes afe evident. 

4.3.4.2. Collenchyma 

The collenchyma tissue is located directly beneath the epidermis and comprises of 2· 

4 layers of cells, and is 25-45 microns thick. Frequently it forms a continuous layer 

around the circumference of the axis. According to Esau (1977) , the peripheral 

position of collenchyma in stems is highly characteristic. The collenchyma tissue 

consists of thick-walled cells and is regarded as a supporting tissue in young stems. 

However, in some cross-sections the collenchyma layer is discontinuous and is 
, 

confined to only some portions of the stem (see C in Fig. 19 B). Where the layer is 

discontinuous, there are chlorenchyma cells just below the epidermis (see CH in Rg. 

19 B) : Generally in most cross-sections the collenchyma cells are pentagonal or 

hexagonal with angular thickening. Size-wise the collenchyma cells are the smallest 

compared to other cortical cells (Fig. 19 B). In some cases, inter·cellular spaces are 

also common between the chlorenchyma cells. 



48 

4.3.4.3. Cort ical Parenchyma 

The cortical parenchymi; comprises of more or less Isodlametric thin-waned cans end 

is 4·7 cell-layers thick. The cells vary in diameter from 20-57.5 microns (see CP In FIg_ 

19 B). In most cases the increase in size towards the p~h except those cens 

surrounding the vascular tissue which have been referred to as coItenchymatous­

parenchyma by Esau (1977). Depending on the level of development of the plant, the 

certex may be fully or partially photosynthetic. In young stems, the entire cenex was 

found to be photosynthetic, but in older stems the conical parenchyma were 

enucleated, devoid of chloroplasts and therefore non-functional. 

4.3.4.4. Pith Parenchyma 

The pith parenchyma ara 8 - 12 cell -layers thick, isodiametric or spherical in outline 

and increase in size towards the pith centre. The ceUs are characteristically thin­

walled, devoid of nuclei and chloroplasts with inter-cellular spaces and measure 

between 36.25 and 117.5 microns in diameter. In some transverse sections, the pith 

cetls were crushed to form a hollow-cylinder, whereas in others the pith cells were 

intact (Fig. 19 D). Since the anatomy was done on materials in which the maturity 

status could not be ascertained, then it would be quite wrong to draw any conclusions 
I 

on the above find ings as regards the condition of the pith. However, acccrding to 

Yohannes (1988), the intactness of the p~h cells has an ecological significance where 

there is water stress and, therefore, it serves as a mechanism for water storage. 

Sections from populations from Arssi represented by the collection Lyaruu H33 which 

is derived from a more or less dry scrubland vegetation , had intact p~h cells (Rg. 20 

B). Populations from Menagesha Forest, represented by the cellection Lyaruu H21 

and where there is a lot of precipitation, had disintegrated pith cells (Rg. 16 D). 



4.3.4.5. Vascular Tissue 

The vascular bundles are collateral, seml·circular in transverse sectoo wnh the 

phloem formed abaxial to the xylem. Both pericycliC and xylary fibres are common 

forming the bundle caps (see F in Fig. 19 C). The pericycllc fibres form a etescent· 

shaped cap on the pericyclic regions of the vascular bundles. This Is a dis ·nctive 

character among the Compositae according to Metcalfe and Chalk (1950). The 

pericyclic layer measures between 90 and 112.5 microns thick. while the xylary fibre 

layer is only GO-72.5 microns. In well-matured stems, the pericyclic fibres tend to form 

a continuous layer around the circumference of the axis (FlQs. t6 C & 17 C). The 

fibres are scelenchymateus wnh hexagonal cells. secondarily thickened and generally 

the caps around the vascular bundles are well developed in mature stems than in 

young stems (Fig. 17 B & C) . Esau (1977) observed that the role of collenchyma as a 
! 

supporting tissue in stems becomes less important because of the development of , 
sclerenchyma in the deeper parts of the stem or petiole. Moreover, in stems with 

secondary thickening. \I 'a xylem becomes the chief supporting tissue because of the 

predominance of cells with lignified secondary walls. The xylem vessels are axially 

arranged in rows, some!imes bordering each other in an oblique manner or stacked 

on top of each other (Fig. 20 A) . The vessels are more or less isodiametric or 

pentagonal to hexagonal with lignified secondary walls and measure between 12.5 

and 27.5 microns in diameter. The parenchyma cells separate the vascular bundles 
I . 

and consist of 4-6 layer$ of ellipsoid or transversely elongated cells (FIgs. 19 C & 20 

C). Some of the cells have chloroplasts and are generally thin·walled with length 

" almost twice that of the Widnh. The cells increase in size towards the pnh and measure 

between 25 and 48.75 IT.letons in diameter. 
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Fig.17 _ Cross-sections of petioles In P. varians show1llQ the midrib region wtth secrelOfY canals (a), 

collenchyma layer (b), ~hloem tissue (P), xylem tissue (x) and sderenchymatous !lssue (5) A from 

lyaruu H 12. x 25. B from Lyaruu H 33 x 25. 
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Fig.18 - Transverse sections 01 leaves of P. varians depicting unlseriate epk:Iermls (A) and differentleJ 
.. 

thickening of coIlenchyma tissue (B). A from Lyaruu H 09)( 25. 8 from lyaruu H 21 )( 25 
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B 

c o 
Fig. 19 - Cross-sections of the nodal region and siems of P. varians A: A section 01 a node depk:tlng a 

median and four lateral bundles x 25 (from Lyaruu H 21), B·C: Stem sections - nola the 

arrangement of parenchyma cells around the vascular bundles and the chlorenchyma cells (ch) x 

25 (from lyaruu H 12). 0 Pith parenchyma x 50 (from Lyaruu H 21'. 
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Fig.20 · Cross-sections d stems of P. varians. A:A vaSClJar bundle with axlalty arranged vessels (from 

Lyaruu H 52) . B: Intact pith parenchyma (from Lyaruu H 33). All x SO. C: E10ngaled parenchyma 

Cells'around the vascular bundles x 50 (from lyaruu H 21). 
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pe t io le (5 ) 2 0 . 0- 5 7 . 5 0 2 5 . 0 -4 7.50 25 . 0 - 37. 50 35 . 0 - 70 . 0 15 . 0-22 . ~u \ 

po tio l e ( G ) \3 0 . 0 - 3 7. 50 \ 17 . 5-2 5 . 0 \ 
27 . 50_ 5 7. 50 \47. 50- 8 1 . 25\ 2 . 50 -17 . • 0 \ 
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4.4. PHYTOGEOGRAPHY 

Plec/ocephalus is a genus with lour species and Is known to have disJunct 

distribution. One species, P. chilensis is known only to occur In Chile, whereas P 

americanus is found in Mexico, and in some parts in southern USA and Chile. P. 

tweediei is known to occur in Argentina. PJectocej.halUS var/ans is an endemic ~ant, 

lound in the Ethiopian highlands (Jeffrey 1968). The Ethiopian highlands make up pan 

01 the Alromontane archipelago·like regional centre 01 endemism (Wh~e 1983). Friis 

(1983), mapped local centres of endemism in the Ethiopian highlands. These are: 

1) A southwesteirn centre of endemism where the phytochorion is mainly 

characterized by lorest species. 

, 
2) A central plateau centre 01 endemism, which can be regarded as a 

trans~ional zone in the sense 01 White (1983). 

3) An eastern escarpment, southeastern slope and Somalian mountain centre , 
of endemism. 

4) A high mountdin centre 01 endemism. 

The Afromontane region is the most important centre of endemism for many 

plants such as Helichrysum, Euryops (Hedberg 1957), Bidens (Mesfin 1984), 

Echinops (Mesfin 1990), Maytenus (Sebsebe 1985) and Just/cia sect. Ansel/la 

(Ensermu 1990). It is also an important centre lor Just/cia sect. Hamleria (Hedren 

1989). 

P. varians is fO'Jnd in the central, southern and southwestern Ethiopian 

highlands and in the hig~, altitudes on the Simien mountains - northern Ethiopia. Also it 

. . uth t Eth',op',a It is lound at high altitudes on relatively shallow IS common In so eas ern . 
. . H ge where the soils are deep and very soils, mostly overlying limestone, In east arar t 



· ~ '.:' ~ .. -r~ , .. , -..... > .. '.f.':~·-.O. ...... ~o 
_0 ____ 0·. 

57 
\ 

poor in nutrients, and in Harenna forest in Bale. e plant Is also convnon In the dry 

JunlPfl'us forests of Sidamo which occur at altitudes between 1500 m and 2000 m 
, , 

with an average rainfall of 400 mm to 700 mm distributed bimodally (Mesftn Wolde 

Mariam 1970). The plant has both wide a~itud i nal and latitudinal distribution. It is , 
founa between 1900 m and 3600 m, and between 5" 33'N . 13" 15 'N and 36" 37 E . 

42" 20' E. 
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4.5 TAXONOMY 

4.5.1. PLECTOCEPHALUS versus CENTAUR EA •• comparison 

A synopsis between PI"?tocephaJus and Centaurea could not be provided as there Is 

a great overlap in the range of variation of characters and character states. TherOf0f'9 

the following comparison is made between them, using characters derived from 

representative samples and the literature in order to portray the similarities and 

differences. 

Centaurea and Plectoce0halus are t8)(a that have many unifying characters. Hence ~ 

is difficult to have a straightlorward key that would enable the separation of the two 

t8)(a. The north east tropical Africa t8)(a can easily be separated based on the 

involucral bract appendages and the marginal ftorets. The gross morphology and the 

involucral bracts among the studied Latin American species of Centaurea and 

Plectocephalus are essentially the same. However, most members of Centaurea are 

shrubby or suffrutescent whereas in Pleetacephalus the herbaceous cond~ion is 

dominant. Some few characters can be employed to separate the two taxa · 1.B. the 

achenial features, phyllaries and the pollen morphology. In both t8)(a the pappus is 

pluriseriate. In Centauna the pappus is heterogeneous and the series tend to 

become progressively l:>nger towards the centre whereas in Plectocephalus the 

series are homogeneous. The pappus is shorter than or at most equalling the achene 

in Centaurea and is sometimes quickly caducous or may be entirely absent In 

Plectocephalus the achenes are smaller with a smooth surface sculpture and few 

scattered hairs (Fig. 12 C). In Plectacephalus the suriace is crested with some lew 

scattered hairs and in £11 studied taxa the suriac. is ribbed (Fig. 12A, B, OJ. AmOng 
I 

the Plectacephalus species studied, the pollen is spiny and thick·walled i.e. Semllul. · 
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type whereas in CentsUI'S the pollen is spiny to slightly spiny _ I.e. Centaurtum- type, 

Jacea- type, or Scabiosa- type and in rare cases the pollen grains are smooth and 

thick - walled, i.e. Dealbata-type as described by JeHrey (1968). In Plectocephalus the 

mode of articulation in the fruits is entirely basal- lateral (Fig. 12 A, S, D) but in 

Centaurea the articulation is both lateral and basal - lateral (Fig. 12 C; Wagenitz in 

Davis 1975). 

In this study Centaurea tweecliei is tentatively treated as Plectocepllalus twoodiel. The 

taxon is found to share most of its morphologic characters with Plectocephslus. 

Moreover, in the herbarium sheets it has been transferred from Cenraurea to 

Plectacephalus_ From recent communication with JeHrey 0n lin.), Centaurea tweed/el 

H. & Am.is considered to belong to Cheirolophus Casso and not to Plectocephalus. 

But as only a segment of the population has been studied and the author has no 

knowledge of Cheirolophus , the issue in question cannot be so" ed here. 

4.5.2. PLECTOCEPHALUS D. DON (1830) 

Annual or perennial herb, rarely small shrub, with or without woody rootstock, 

sometimes tap root c(;mmon, often tomentOS8, scabrous to hirsute. with non­

glandular uniseriate hairs, rarely glabrous. Stem terete to striate-sulcate, usually 

variously branched. Leaves simple, scabrous rarely glabrouS, alternate or distichous, 

sometimes all radical, petiolate or sessile. pinnatifid or pinnatipartite SImple to deeply 

and irregularly 3-7 pinnatisect; margins of various forms· entire, dentale to widely 

dentate, serrate or variously incised, lamina or segments ovate , lanearnate, 

spathulate to oval _ spathulat. or oblanceolate; apex acute, obtuse rarely mucronate. 

Capitula erect at anthesis, heterogamous, single-headed, radiant; peduncle 

I rete 10 striale . sulcate. Phyllaries 5 . 7 tomentose or pubescent, rarely glabrous, e 

seriate, imbricate, rigid, ovate lanceolate, linear-Ianceolat.; appendages, scarious, 



po 

60 

coriaceous or chartaceous, variable in torm, 3·11 ·striated; apex ending wnh rigid or 

reflexed spine- like structures, ciliated or glabrous, sometimes spines absent. Ray 

florets neuter, commonty purple, rarely mauve or yellow funnet.shaped· nervation 
I " 

usually 5; lobes irregularly incised; apex acute. Disc florets hermaphrod' e, yellow or 

purple ,rarely white; corolla 5-lobed, campanulate or bell· shaped, glabrous and 5-

nerved. Anthers brown to black ,dehiscing introrsely; base saglnate; apex ovate . 

triangular. Style swollen .t the base, b~urcate at the apex, slightly swollen below the 

point ot bifurcation, pilose ,arms usually exserted at anthesis. Achenes black, rarely 

brown or grey; laterally compressed; glabrescent ,rarely pubescent; articulation basal 

or laterally at the base. Pappus silvery white, apically Inserted, pluriseriate, 

homogeneously elongated, setaceous with or w"hout hairs, caducous or rarely 

perSistent. 

The genus Plectocephalus consists ot tour species which are disjunctly distributed. 

One species is endemic to the Ethiopian highlands and the remaining three species 

occur in Latin America, Mexico and southern USA (Jeffrey, 1968) . 

• 
A key to distinguish the Latin Arrerican species ot Plectocephalus trom the Ethiopian 

species is provided in Appendix 3. 

4.5.3. PLECTOCEPHALUS VARIANS (A. Rich) C. JeHrey ex Culodontl. 

PlectocephaJuS varians (A. Rich.) C. Jeff",. EIX Cuf. in Senck. BioI. 47: (1966); 

Cufodontis, Enum; PI. Aeth. 1177(1967). TY~ES : Ethiopia Ouartin· Dillon & A. Pet" (P. 

syntypes, n.v.). 

Perennial herb with erect, decumbent, prostreto or semi·prostrate Slem; stem (1 B·) 

20 _ 100 _ (-150) cm hi .~h , 1.5·6.0 cm in diameler, terete to striale . sulcate rarely 

branching from the base, with a woody rootstock. The indumentum is variable, I.e. 

from woolly-white or brownish·grey tomentum to glabrous; hairs non·glandular and 
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uniseriate. Leaves simplt.', alternate or disticholJS, sesslls. only those originating from 

the rootstock petiolate, sub-amplexicaule, auriculate or exauriculate; mina 3,2 -19.3 

x 0.6-5.9 em, old leaves ovate- oblanceolate, spathulate or oval·spathulate, young 

leaves entire; lanceolate, scabrid especially on the adaxal surtace, pubescent, 

tomentose, rarely glabrous; margins entire, dentate to widely dentate, less commonly 

serrate; apex acute, acuminate or mucronate; base sessile, attenuate or decurrent 

Cap~ula erect at anthesis, heterogamous 1.5 - 3.1 x 3.5 - 10.0 cm; involucre cylindric 

or radiant, campanulate or turbinate. Peduncle and receptacle base tomentose or 

pubescent, terete to striate - sulcate, peduncle (7.0-)11 - 296 mm long. Phyllaries 5-7-

seriate, yellowish-brow", greenish-yellow or green, imbricate, 3-to 7-nerved, 

appendages with reflexed yellowish spine-like structures, coriaceous or chartaceous, 

outer surface densely tomentose. inner surface glabrous. Outermost series ovate to 
I 

lanceolate, 4.0 - 11.0 x 1.5 - 3.0 mm., greenish yellow. Middle phyllaries 8.0 - 21 .0 x 

2.0 - 5.0 mm., lanceolate to oblanceolate, ovate to narrowly obovate, or linear 

lanceolate, appendages fewer than in the oL.(errnost series. Innermost series 17.0 -, 
21 .0 x 1.0 - 2.5 mm., more or less linear to linear lanceolate, retlexed, spine - like 

structures Ciliated, sometimes glabrous. Ray florets neuter, campanulate, purple, 

rarely mauve, 25 - 58 mm long: apex 5 (-4) -fid, acute; glabrous, S -nerved, lobes 

deeply incised. Disc flor~ts tubular, campanul"I.: yellowish or purple, less commonly 

white, (11 .0-) 15 - 35 x (C;. 75-) 1.0 - 1.5 mm, hermaphroditic; corolla 5-lobed, glabrous, 

5-nerved apex acute or Iriangular ovate; style bulbous (1 0.5-) 14.5 - 29.5 mm, bifid at , , 
the apex, arms of more or less equal length, rarely more than 0.5 mm long; style 

swollen below the point of bifurcation, pilose, arms usually exserted at anthesis. 

Anthers 5, (3.0-) 4.0 _ 6.5 mm long ; brown or black, less commonly yellow; base 

sagittate, tailed, synger.esious and dehisce introrsely. Filaments 6.0 -12 (-13.0) mm 

long. puberulent. Achenes black, sometimes brown or grey, ,2 . 4 mm. long, elliptic­

oblong, laterally compressed, glabrescent, rarely pubescent, crested, 3 main ridges 
, 
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( ribS) prominent in the articulation side, articulation zone rib free, yo ·sh, articutation 
type basal· lateral (Fig. 12 D). 

Pappus 2 • 10 mm long, pluriseriate, silvery - whoe, setaceous, barbellate, apically 

inserted (=comose), homogeneously elongated, caducous, rarely persistem. 

pollen grains radially symmetrical, isopolar or spherical, (33-) 38 _ 50 (-54) microns, 

echinolophate, tricolporate, w.h lalongate ora; tectum ornamented with regular or 

irregular micro -punctae . Rg.1 A, B; Rg. 2; F19· 8 ; Rg 4 A-D; FI\l . e A-G; Appendices 

1,2; Fig . 21 ; Rg. 22; Rg. 23. 

4.5.4. Variations In P_ VARIANS 

Due to the diversified haboats occupied by P. varians, a number of vegetative and 

floral differences that enable the categorization of the species into two distinct 

populations exist. The observed phenotypic variations are correlated with 

environmental and ecol( 'gical parameters. The two categories arB forest populations 

with certain plants occurring at high elevations and grassland populations with some 

plants occurring in lowl.nds. Although P. varialls is widely distributed In Ethiopia, the 

taxon is found to constitute a single taxonomic species . (Figs. 23 & 24), hence 

authenticating the previuusly established synonymy by Cufodontis (1966) and Jeffrey 

(1968). The continuous liariation observed in the length of the disc florets and leaf 

length to width ratio am?ng the specimens studied (Fig. 25) substantiates further the 

existence of a single taxonomic species within Plectocephalus varlans. 
I 

Forest populations are taller than grassland populations. Whereas the forest 

populations can attain " maximum height of 1.5 m, the grassland plants can only 

attain a height of 0.6 m. The height difference among the two populations could be 

attributed to light being limiting and therefore increased internode lengths in forest 

populations compared to grassland populations. 
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Forest populations have very broad, large, dark green -coloured leaves 

prominent brochidodromous venation panern. Grassland populations In mos cases 

have light green small leaves, and venation is not conspicuous except In the older 

leaves. In addrtion among the forest porlll" ions, leaves are auricula e tend"'ll 

towards petiolate condition which is not thu case for grassland populations. The 

indumentum for grassland populations is densely tomentose compared to fa<est 

populations. A dense h~ir COver may therefore, be ecologically significant. Hedberg 

(1964), points out that the pubescent leaves of several afroalpine and paramo species 

have usually been interpreted as xerophytic adaptations as observed In Giant 

SeneciOS. Xerophytes are, according to Warming (t909:101 ; cited in Hedberg 

1964)," ... those plants that are adapted to meet the condrtlons of strongest 

transpiration and most precarious water supply ....• Such structures which appear to 

enable plants to restrict transpiration are commonly called xeromorphic characters, 

e.g. small, leathery lea~es, wrth much sclerenchyma, a thick cuticle, small and 

numerous stomata. Therefore a high degree of hairiness reflects xeromorphic 

condition where water is a limiting factor as opposed to forest areas where mesic 

conditions prevail throughout the year. A thick indumentum may evidently serve not 

only to reduce transpiration but also to protect the plant tissues against strong 

insolation (Hedberg 196.4). , 

The variation in the number of stomata per unit area, in this case being higher among 

grassland populations : ( Table 1), is a morphological adaption to cope with 

xeromorphic conditions. The implications that forest populations have bigger and very 

dark green leaves is that, since under shade or in forests light is the limrting lactor, the 

leaves must have high ~oncentrat ion of chlorophyll, the green colouring maner, to 

enhance maximum hal',est of light, which is primary in photosynthesis. Fa< the 

grassland populations, smaller and shiny I"o"es are equally efficient 

pubescence in reflecting much of the incident radiation (Hedberg 1964). 

as dense 
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The size of the caprtula is biggest and well developed in those plants tound "' Iofests 

or under shade as com',ared to grassland populations. The oolour at the ray norets "' 

grassland and open area populations is always purple, whereas among the toreSl 

species, the ligulate flowers are yellow or mauve. The significance at this observation 

is not clear. The two population groups exhibrt striking differences in their pollen 

morphology. The grassland populations tend to have pollen grains wrth much longer 

spines compared to forest populations ( Table 2). The exine layer is also thicker in the 

pollen grains derived from grassland populations as oompared to those from the 

forest. Some forest plants (represented by W. Burger 1011) have very smatl spines. 

These are correctly referred to as spinules as they do not exceed 3.0 microns in 

length (Erdlman (969). However , even plants found growing In the same ecological 

niche have some variations. This is substantiated by the tact that plants oollected in 

Entoto mountains in Eucalyptus plantations showed extreme differences in height and , 
caprtula sizes. The plants observed in well developed, humic, black soils in gorges 

attained a height of 1.2 whereas those found in undeveloped red soils in rocky 

outcrops rarely exceeded 0.4 m. The difference in size could be attributed to the soil 

type and moisture gradients where the plants were growing. 

4.5.5. Dlslrlbutlon 01 P.·VARIANS 

P/ee/acepha lus varians 's endemic to Ethiopia (Jeffrey 1968), occupying mainly the 

highlands and the central plateau. Its distribution is widespread being common In 10 

out of 16 administrative regions . 

. ' . d 5° 33' N 13° 15' N and longitudes 36" 3T E - 42" The plant is common Within latltu e -

20' E. Its distribution in Ethiopia is as tollows: Arssi (Chilalo Awra/a): Wellega ( Amarti 

Valley) ; Kelta (Mt. Maigudo), Gamu-Gofa( Ghuge Highlands); Goilam (Choke Mts.; 

Debra Markos) ; Sidamc (ArerO Awraja - Megada forest) ; Hararge ( Gara Mulata Mt. ; 

( S· . n Awraf'a) ' Bale ( Harenna forest, Genale Awra/a, Kondudo Mts.); Gonder me , 
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Mendoyu Awraja); Shoa ( Menagesha Awrala • forest; Jibat Mecha Awraja, Mt. 

Wuchacha, Gafaresa, Bole valley, Mt. Zuqualla, Solu~a village, Wolmera Woreda ( Fig. 

21). 

4.5.6. Ecofogy 01 P. VARIANS 

P. varians occupies diversified hab"ats . open grasslands, dry evergreen forests, dry 

scrubland, gorges and roadside thickels, well drained hillsides, cloudy moS" forests, 

cultivated land, riverine, water logged areas, remnant montane forest, and long forest 

margins. In different haMats, the plant is found growing in association with 

Pennisetum glabrum Hochst. ex Steudel; Heteromorpha frifoliata (Wendl). Eclk. & 

Zeyh.; Ekebergia eapensis (Fres.) A. Rich., Olea spp.; Croton macrostachyus Hochst. 
i 

ex A. Rich. Erica arborea. L. ; Hypericum revolutum (Forsk.) Vah!.; Oiscopodium 

pennineIVum Hochst. ; Myrisine atricana L. ; Jasminum stans Pax; Rosa abyss/nlca 

Undley; Rubus spp. ;Mdytenus pufferlickioides (Loes.) Exell & Mendonca; Carissa 

edulis (Forsk.) Vah!. ; Eucalyptus globulus Labill .; Myrica salieifolia Hochst. ex A. Rich. 

and Maesa laneeolata Forsk. , 

In water logged areas the plant is found growing in association with sedges, whereas 

in cultivated areas commonly Trifolium spp. form the cushion. There is no 

pronounced trend in soil preference for the plant. The plant is found growing in deep 

well developed humic $oil, vertisols, red a~ isols, to weakly developed soils In a 

basement rock which is very poor in nutrients, The plant is also common in leached 

water logged soils in lowlands. The altitudinal range is t 900·3600 m. 



4.5.7. Synonymy 01 P. '/ARIANS 

As I was not able to ob,wn all the type specimens, the following ,st 01 synonymy 

based on the works 01 Jeffrey (1968), Cufodontis (1967) and Meslin (Unpu shed 

Flora Manuscript) . 

- Centaurea varians A. Rich. Tent. FI. Abyss. 1: 453 (1848); Vatke in Unnaea 

39: 512 (1875); Oliv. & Hiern in Oliv. FI. Trap. Afr. 3:436 (1877); Engl. 

Hochgebirgsfl. Trap. Afr.: 451 (1892).Type: Ethiopia, Ouadlerata, 

Quartin-Dillon et Petit s.n.(P,lectotypes, K,isoleClotype, n.v.). 

- Pfectocephafus abyssinicus Boiss., Diagn., Ser. 2, 3:61 (1856). Type: 

Ethiopia , Schimper (G. Holotype n.v.) . 

- Pfectocephafus cyanoides BOiss., Diagn., Ser. 2,3 : 62 (1856). Type: 

Ethiopia, Schimper 519 (G. holotype n.v.) . 

. Centaurea varians A.Rich. var macrocephafa Vatke in Unnaea 39 : 512 

(1875). Type: Ethiopia, Schimper (G. holotype n.v.). 

_ Centaurea abyssinica (Boiss.) Sch. Bip. ex Oliv. & Hiern in Oliv. Fl. Trop. Air. 

3: 436 (1877); Engl. Hochgebirgsfl. Trop. Afr . : 451 (1892). Type: 

Ethiopia, Schimper (G. holotype n.v.). 
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F"tg.21 _ Map to show the dIstribution of P. varians In Ethiopia. 
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SPECIMENS STUDIED , 

1, p, va,ians (A. Rich,) C. Jeffrey ex Cuf. 

ARSSI : Lower Slopes of Mt. Chilalo, near Swedish miss'o 9' 965 
I n, ' . , W.J.J.O. de 

Wilde et a1.8004 (ETH);: ASSELA : On the slopes of Mt. Chilalo, 20-11 .90, H.V.M. 

LyarUU H25 (ETH); 

ASSELA : On slopes of Mt. Chilalo, 20-12·53, H.F. Mooney 5159(EA,ETH); Chilalo 

Awra]a, ca 41 km on Shashemane - Goba road, 27.09-83, Mesfin Tadesse 3038 

(ETH). 

WELLEGA: Amarti valley, 20 km along road from Fincha to Shambu, 28-10-82, Arne 

Anderberg et aI., 1639 (ETH). 

GAMU GOFA: Eastern slopes of Gughe highlands above Arba Minch, 03.Q9-75 ,M.G. 

Gilbert et al. 465(ETH). 

SIDAMO: Arero Awraja, Megada forest, 13-10·85, Mesfin, Sebsebe and Ensermu, 

3586 (ETH); Arero Awraja-Megada forest margin, 23-1 1-90 ,H.V.M. Lyaruu 

H43(ETH); 90 km Yavello - Dilla road, close to Megada forest, 02.Q9-72, G. Aweke 

547 (ETH); 03-12-52, J. B. Gillet 14584 (EA), 

HARARGE: South facing slope of Gara Mullata MI., 24.Q9.Q1, William 8urger 1210 

(EA,ETH); Chercher & Adal & Gara Guracha Awra]a, Asbe Teferi- Gelemso road 

between Kuni and Bedesa, 21-09-82, Puff et al. 820921 - 2/ 13 (ETH). 

GONDER: Simien, 14-10-73. 0 , Hedberg et al., 5329 (ETH); ca 24 km north of 

Gonder, 05-10-81 , Puff, Mantell & Ensermu 811005- 3/ 1 (ETH). 

BALE: Near Bale Mountains National park headquarters, 19-05-80, M. Thulin et ai " 

3S44 (ETH); Harenna fnrest, ca 5 km south of Rira village, 22-11-90, Lyaruu H 
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55(ETH); Goba- Bale, 21-()4-58, H.F. Mooney 7262(ETH)' R' 
, rver Danka, Ba!e, Ot . (). 

71, Tewolde 288 (ETH); Near Batu - west of Goba, 31-10-70 M G & 
., " S.B. GiIber1 

1939 (EA, ETH); ca 20 kl)'1. Genale Awraja- west of Dinshu 20-11-90 H V " 
, I I • ,1'It. lyarwH 

61 (ETH); Mendoyu Awraja, 3 km south of Rira, 10-oa-B6, Mesfin T. 51 16 (ETH). 

SHOA: Menagesha Awraja, Walmera Woreda ai?nQ Addis - Ambo road 04-12-71 , 

Sebsebe D. 118 (ETH)i Solutta village ca 15 km North of Addis Ababa. 14-OS-73 , 

J.W.Ash 2078 (EA,ETH) ; Mt. Zuqualla, near Addis Ababa, 05-10-61 . Dr. Brehme s.n. 

(ETH); Jibat & Mecha ~wraja, West of Ghedo, 29-10-85, Sebsebe & Ensermu 1651 

(ETH); Menagesha Awraja - forest 24-1Hl1, Dr. Brehme s.n. (ETH); ca 3 km from 

Solutta village along Goliam road, 09-11-90. H.V.M. Lyaruu H 21 (ETH); ca 6 km North 
, 

of Addis Ababa- Entotci, 09-11-90, H.V.M. Lyaruu H 008 (ETH); Menagesha State 

Forest, western slope of Mt. Wuchacha, 19-11-72. Ib Friis et aI. , 1256 (ETH); ca 3 km 

from Solulta village along Goliam road, 09-11-90, H.v.M. Lyaruu H 006 (ETH); ca 8 km 

north of Addis Ababa along Blue Nile road, 11 -10-65, W.J.J.de Wilde et aI., 8226 

ETH), Menagesha Awraja, Holetta Research Station, 01 -10-79, Kassahun Zewdie s.n. 

(ETH); Gafaresa, 18 km west of Addis Ababa, 13-11-64, Lema G. Sellasie 506 (ETH); , 
Menagesha Awraja - Bole valley, 50 km North of Addis Ababa, 25-10-81, Mesfin .t aI. 

1531 (ETH); Gafaresa reservOir, 17 km west of Addis Ababa, 24-08-69, S.B. Gilbert 
• 

1641 (EA ETH) ' Jibat & Mecha AwraJ'a 15 km west of Gh'edo, 04-11-90. H.V.M. 
I ' I ' . 

Lyaruu H 8 (ETH); Mr. Zuqualla, ca 60 km South of AddiS Ababa, 30· 10-65, W.J.J.de 
I ' 

Wilde et al. 8547 (ETH); 27-10-65, De Wilde 848~ (EA); 10-11-67, P.R.O. Bally 13088 

(EA); Menagesha Awraja, 21-11-54 Mooney 6351 (EA). 

ERITREA: 02-10-69, SA Robertson 1182b (EA); 29-10-1902, A. Pappi, 2216 (EA). 
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(2) centaurea L. 

(a) centaurea melitensis L. 

GOJJAM; Debre Markos Awraja, '4 km North of Del'en 29" 0 0 , v,, Mesnn & Kagnew 

,6'5(ETH) 

KENYA:K4 Machakos, 10-05-64, Mwangangi 890 (EA); K3, 27.()8-64,A. Bogdan 

5117(EA); Feb. 1952, Someren s.n .. (EA) ; 29·01·52, A.O. 793 (EA); 02-0 '-47, 

B.B,Fraser H2/47 (EA); . Feb.I942,A.M.Nattrass 303 (EA); March '933, Harvey 2' 8 

(EA); 24-09-29, J.Mc Do~ald 1220(EA). 

SOUTH AFRICA: 31-10-65, A.J.Guillarmod 5042 (EA). 

(b) Centaurea praecox Oliv. & Hiern. 

WELLEGA: 10 miles north of ASOSE!, 12-02-59, Mooney 7740 (EA,ETH), 

TANZANIA: T4, 29-09-77, Leedal 4624(EA); T4 Mahale, August'975, Nishida 257 

(EA); T7 Paget-Wilkes 142 (EA) ; T4,15-07-60, Verdcourt 2830 (EA); Tl, 27.()8·58, 

Gaetan 59(EA). 

KENYA: K3, 19-12-85, D.B.Ekkens 31 4(E.A); Trans-Nzoia, 27-0'-67, Njoroge '43 

(EA); Krtale, May 1954, Someren s_n., (EA); 04-04-59, Symes 523 (EA); K~ale , '5-02· 

57. P.H. lrusin 316 (EA); August 1931,. Hill 282 (EA). 

BURUNDI: 12-10-78, Reekmans 7216 (EA); 25-09-74, Reekmans 3635 (EA). 

UGANDA: April 1960, J. Wilson 1014 (EA). 

ZAMBIA:27-09-47, Gre,~nway & arenan 811 1 (EA). , 
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(c) Cenlaurea 80lslilialia L. 

ETHIOPIA 

SHOA: Menagesha Awraja, Holetta Research Station 06'()5 59 M , " ooney 7900 (ETH). 

TURKEY: 25'()5-62, Duddley 34988 (EA). 

(d) Cenlaurea pseudoslnalca Czerep. I 

KUWAIT: 21-04-83. A. Rawi & Sludents AR 2273 (ETH). 

(e) Cenlaurea brugulerana (O.C.) Hand·Mazz. 

KUWAIT: May 1962, A. Macksaad et al. 142 (ETH). 

(n Centaurea pallesceus Del. 

SAUDI ARABIA: 27-04·44, A. Khatab 8 (EA); 13·04·45, A. Khatab 7 (EA). 

(9) Centaurea dholarlca Bak. 

OMAN: Sharjsh, April 1952: Oldleld. FNLO 154, (EA); Jebel, Feb 1952, Oldleid· 
, 

FNLO 45 (EA). 

(h) Centaurea slnalca ~C. 

SAUDI ARABIA: 27-02·52, Gilliland 4208 (EA); 11.Q6·1950, K.Grichom 341 (EA). 

0) Centaurea salmant":a L. 

! 

SOUTH AFRICA: 17·10·69. J.P.H. Acocks 24270 (EA). 

I 

0) Cenlaurea dlffusa Lamm. 

TURKEY: 09-06-62, Duddley 35547 (EA). 
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(k) Centaurea vlrgata Lam. 

IRAN: 05-11-77, T. F. H,wer3994 (EA). 

~) Centaurea sp. 

KENYA: 22-09-50, A.M. Nathan 682 (EA). 

(m) Centaurea aegyptlaea L. 

ISRAEL: 14.Q4-54 ,Negev Revivim 583 (EA). 

(n) Centaurea alexandrl.na Del. 

EGYPT: 16-04-67, Tackholm at al. s.n. (EA). 

(0) Centaurea behen L! 

ISRAEL: 25-06-70, D. Peri S.n. (EA). 

(p) Centaurea ealeltrapa L. 
o 

EGYPT: 21-05-67, Tackholm et al. S.n. (EA). 

(q) Centaurea glomerata Vahl. 
I 

EGYPT: 07-04-67, Tackholm et al. s.n.(EA). 

SPECIMENS STUDIED FROM LATIN AMERICA 

(1) Centaurea ataeamensls (Reiche) Johnston. 

CHILE: Antofagasta Prov., 12.10-1938, J.L.Morrison et al. 15784 (K); Antofagasta 

prov., 25-11-1925, I.M. J~hnston 5111 (K); 15·01-1939 J.L. Morrison 17101 (K) . 
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(2) Centaurea cachlnalensls Phil. 

CHILE: Antofagasta Prilv., 14-12-1925, I.M. Johnston 572O(K); 16-12.1 925, I.M. 

Johnston 5749(K). 

(3) centaurea bulbosa tt. & Am. 
, 

CHILE: Jan. 1930; C. Elliott 604(K); Prope, Valparaiso,1831 , H. Cumming 396(K); 

Prope Valparaiso,I832, Bridges 119(K). 

, 
(4) Centaurea rothrockll Greenm. 

MEXICO:- Chihuahua State, 18-08-1898, EW. Nelson 4774(K): Mexico State, 04-{l9-

1958, J. W. Hawkes at al. 1394(K); Chihuahua State, 25-Q8-1899, EW. Nelson 

6175(K). 

(5) Centaurea floccosa,H. & Am. 

CHILE: 1864, M. CI. Gay s.n.(K); Bridges 14oo/ 1398(K); Cruinckshanks 5 (K) ; H. 

Cumming 171 (K); Bridges 117(K). 
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APPENDIX , 

MEASUREMENTS IN SOME GROSS MQRPHOLOGICAL CHARACTERS OF P. YARIA NS 

Stem Stem Stem Cap; tul urn Phyl l aries Ray florets 
Voucher Specimen. habitat height I nternode diameter 1 x w (em) (mm) 1 x w ( nlm ) 

(em) (mm) (mm) 

SCRUBLAND 

Moone y 7262 20-30 18.2 3.0 2.3 x 8.6 5-17 46-49 x 0.5- 1 .0 

Mooney 5159 30.5 2 7.0 2.0 2.3 x 5.2 7-20 

Lyaruu H2 5 100 30 .0 4.0 2 . 5 X 10 - 40-42 X 0.5 

Evans et a 1. 385 - 37.0 2.0 2.5 x 6.4 6-18 37-41 x o . 75-1 .0 

De Wi Ide 8547 50 8 . 8 3.0 2 .5 x 6.4 6-21 53-58 x 0.5 

Lyaruu H43 50 18 1 .5 2.9 x 6. 1 5- 15 29-33 x 0.5 

GRASSLAND 

G. Aweke 547 50 25 . 0 4.0 2 .9 x 5.2 5- 18 37-42 x 0.5 

Mesfin 3038 50 35.0 2.5 2 .2 x 6 . 1 45 - 18 38-39 x 0.5- 1. 0 

De wi 1 de 8004 40 29.6 2.5 1 . 0 x 3.5 6- 15 28-30 x 0.75-1.0 

\Lya~UU He 60 18.3 2.0 2 . 3 x 4.4 - 26 - 28 x 1 • a 
. - - - - -- - - - - - .. . . "T _-" ~ Q_ A ? I . 



F , ,s 0 0 "I 476 - 25.0 2.0 2.5 x 3 . 5 4 - 14 30-3 5 )( 05 

HO s f;n o t a 1 . 153 1 40 38.6 3 . 0 3. 4 )( 5.5 7-20 3 2- 34 x , . 0 

Gi 1 b o rt 164 1 - 18.6 2.5 2.9 )( 6.3 5-18 34-35 )( , .0 

Kassahun S.N . - 30 . 6 3 . 0 2.4 )( 6.5 6- 18 28-36 )( 0.5 

Lemma 506 - 3 4 .0 2.5 2.5 )( 6.6 6-19 3 7-43 x 0 . 5 

M.G. Gi l bert 1939 - 18.5 3 . 0 2.7 )( 9 . 2 9-17 4 7-6 1 x 0.5- I . 0 

J . W. As h 2078 - 24.4 3.0 3 . I x 6.4 7-20 40-43 x 0.5 

R IYER INE. 

Se bsebe 1 18 40 36 . 6 2 . 5 2 . 7 x 6.0 6-17 36-37 x 0.5 

Anderberg et a 1 . 1639 40 22 . 0 3 . 0 2.7 x 8.6 5-18 39 - 45 x 0.5 

Tewolde 228 20 7.0 2.0 2.3 x 6.4 4.5-15 46-6 1 x 0.5 

FOREST 

Mesfi n et a 1 . 3586 . - 33.0 3.0 2.6 x 7.4 5-15 39-44 x 0.5 

Lyaruu H55 150 46.0 5.0 2.4 x 7.2 6 - 18 40-42 x 0.5 

Gi l bert et a 1 • 465 - 38.0 3 .5 2.7 x 5 . 6 6 -15 31-42 x O. 5- 1 . 0 

Lya ruu H61 100 2 3 .0 3.0 3.0 x 10 .0 - 54 - 55 x 0.5 

yar uu 11 2 ' 60 4 9 . 5 3. 0 2 . 8 x 6 . 2 6 -- I 7 3 7-3 9 x 0.7 5- 1 . 0 

- .. .. ........... ' 00 4 3.0 3.0 2 .6 x 6 .6 5- 1 7 32- ::; 5 x 0.5 - 0 .7 5 



9 7 
--

Uu,_ r o 1 1 • . 0 3 . 5 .3 ~ 6. b 10.5- 1 7 44 - 1 , 0 . 5 , . . 
pu rr 0 1 . 8 .. 1) 9 2 1 -~/ 1 3 3 .0 2 . 0 ... x 6 . 9 6-2 1 3 1-3 ·' ~ 0. 5 1 . 0 

Ou g a r 12 10 :J I . 0 • . 0 2 . 3 x 6.9 6 - 18 4 5- 4 1.) x 0 .5- 0.7 ' 

T hu 1 I n a t a I . 3 833 30 .0 1 .5 1.6 ~ 6 . • 6- 14 2 8- 4 2 x 0. 5 

Me s fin 51 16 7 5 2 5 .7 2 . 0 1 .8 x 5.9 5- 16 25- 28 x 0 . 5 - ' .0 

De wi fde 8 2 26 3 ' .8 3.5 2 . 8 x 8. , 6-'9 34-39 x , . a 

Fr i i s et a I . 1256 29.8 2.0 2.6 ~ 6 . 5 6-'3 27-37 x 0.5-0.7 5 

Lyaruu HOOe 40 25 . 0 2.0 3 . 2 x 5 . 5 32-33 x 0.75- ' .0 

Dr . Brehme(a) 2 7 . 4 2 . 0 1 .8 x 5. 9 6- 1 6 25-28 x 0 . 5- 1 .0 

Dr. B ' '''''me ( b) 28.1 2 . 5 2 . 2 x 8 . , 7 - 17 4 6-54 x 0. 5-0. 7 5 

L yar,-!u HO OS , 1,,·,0 19.5 3 . 5 2 .5 x 8.6 5-16 40-4 2 x 0. 1 5 - 1. 0 .. _ _ J 

·\ 
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APend'x 2: ORPHOloorCAL CHARACTERS OF P,YAHIANS (A,RICli.) C.J(FfREY EX CUF~ll I S 
(/II, 11 m ••• uromant.. i n mj l11f •• t.r ••• ",copt.. t.ho •• of he leavo.) . 

LEAF DI SC FLORETS 
Vouche,. spec ime n Achone 

L Otlgth w idt.h L o ng t h ~t.ylo lon . Fi l omQ I,t I on. long th 

Fri is ot 0 1. 
12Se 6 . 0 - 12 . • 0 . 9 - I.B 17.0-20.0 1 G . 5 - 1 7 . 5 10 . 0- 1 1 . 0 1. 0-3. 0 

L yar uu H008 4 .9- 9,8 0.8- \ .6 20.0- 24.0 21.5-26.0 8.5 - 10.0 -
Hed be rg ee . 1. 
53 29 5.0- 0.5 1 .2 - 1 .5 201,0-26 . 0 25.7-28.5 6.0 - 7.0 3 .0- 4.0 

Puf f e\. a l. 
8110 ,)5 - HI 1 5. 1-7 . 0 / 1.0- ' .5 12 7 . 0-29.0 1 21.5-28.5 1 6.0 - 7.0 \4.0-.1 .5 I 

Bu r ge r 10 1 1 5 .1 -7 . 0 1 . 0 - 1 . 5 2 1. 0-23. 0 2 1. 5 - 22 . 5 1 2 . 0- 13.0 2.5-3 . 0 

Puff at f3" 
82 092 1- 211 11. 1- ' 4 . -1 0. 7 -0.9 22 . 0 - 2 4 .0 20.5-23.5 6 . 5 - 7.0 3 .5- 4.0 

Bu r £,(1 r 1 2 10 7 . 2- 15.(, 0 . 9-2. 5 20.0-22 . 0 2 1. 5-23.0 9.0- 10 . 0 2.5-3.0 

Friis e t a1.47 6 5 . 2 -17 . 0 0 . 8- 1 .3 19.0- 2 4 . 0 20.S- 23.S 8 . 0-9.0 3. 5 

And e rbo r g e t .1. 
1639 - - 19.0-20.0 18.5-20.5 9 . 0 - 10. 0 2 .0 

Evans e e a 1 . 385 9.0- 1 6 . 6 1. 7-2 . 2 2 3.0-27.0 23 . 5-20.0 6.0-7.0 3 . 0- 4 . 0 

M.G . • S . B. 
Gi l be r t 1933 6.0-12. 3 0 . 4 - 1.2 2 / .0-26. 0 22 .0-2 3.0 6 . 5-8.0 1. 5-2 . 0 

1 
Thu 1 ; n e t ., . 

12 . 0- 2 . 5 384 4 - - 1 1 . 0 10.5 - 11.0 7 . 0-8 .0 

t-'esfi n 5 1 16 10.4 - 18. 2 1 . 0-2 .1 19 . 0-22 . 0 17.5- 2 1 . 0 7. 0-8 . 0 1 • . 5- 2 . 5 

I 1 
Mooney 7 262 4.4 - 8 . 7 0. e- 1.4 19. 0-23.0 18 .5-:0 . 0 7. 0-8 . 0 I I . :·-· 2.5 

I 1 
G . Aweko 547 5 . 6-9.2 1. 2-2 . 2 2 1. 5-25 .S 22 . 5-~7.0 1 7.0 ! .: . 0- 3 . 5 

I<l oa f; n ot 1:\1 . 

L 350~ 1\. 2 - 17. 0 0.(, - 2. 1\ :-1:> . 0 -20,0 25. 5 -~~ . C 11 .0- I ~·. 0 / .... " 
t-\oonov 5 \ 5 U _..::.:. 0 - 0. ~_ 0 . 5 - ('\.9 , C 17.!;". · 1').5 7 . 0- t • . 0 J. r.; :' .0 --- ---- - -
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APPENDIX 3: KEY TO THE SPECIES OF PLECT 
aCEPHALUS 

1. Ascending perennial herb, stem usually unbranched, rootstock Woody. 

P. v8lians 

- Annual, perennial or suffrutescent woody herb, stem muchbranched, root 

stock not woody. I 
• 2 

2. Leaves pinnatifid to pinnatipartite, 4-6-part~e, whorted, radicel ()( 

conglomerate lower down the stem, glabrous, linear or linear­

lanceolate, only primary vein prominent, the ratio of phyllary to 

appendage more or less 1: 1, long medium spine present 0.4-0.5 em 

long, hyaline appendage around phyllary margin present. P. chifensis 

- Leaves simple, alternate, sessile or petiolate, lanceolate, oval-spathulate, 

scabrous, venation brochidodromous sometimes eucamptodromous, 

the ratio of phyllary to appendage almost 2:1 , longer median spine in 

the appendages lacking, hyaline appendage around phyllary margin 

absent. 

3. Phyllaries always I'near lanceolate, golden , yellow, reflexed spine-like 

structures, 4-11-nerved, glabrous, spines not prickly; pappus of 

3 

achene corn manly persistent. P. tweedie' 

- Phyllaries ovate, lanceolate to linear lanceolate, yellowish, puberulent, 5-8-

t pappus of achene nerved, straight, rigid, prickly spines presen; 
P. americanus 

caducaus. 
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C. TWEEDIEI H.& A. 

Prostrate annual herb, 0.15-1.1 m high' root system tap 
, , root, stem much·branched In 

upper parts. Stem dark green to yellowish·green terete t t . 
,os nate· sulcate, more or 

less glabrescent with sparse white tomentum on the sulcaro th . 
Ins, e density getting 

higher towards the receptacle; . ridges with small whrte rigid ' h' . 
, I spInes W lch gIVe the 

stem a scabrid texture. Internode (1.6-)22-42(-46) cm long Le . I . . " . aves sImp e, linear 

,Ianceclate, oblanceolate to spathulate; alternate or distichous, sessile, sub­

amplexicaule, scabrous, indumentum lanate, margins serrate, apex acute, base 

decurrent or attenuate, venation pattern brochidodromous. 

Phyllaries 5·seriate, linear -Ianceolate in all series, 0.45·2.4(2.6) cm, imbricate, 

greenish or brownish yellow, progressively increasing in size towards the innermost 

series, exposed surfaces and spines pubescent, inner surtaces glabrous. Phyllaries 

bicolourous, -lower part greenish· yellow, appendages purple or lilac, golden yellow 

reflexed spine-like structures, less prickly than in P. americanus, nervation common in 

all series, 4-11 striae, ex!ending to the spines. CapITulum heterogamous, 2.7·3.5 em at 

anthesis. Achenes black, yellowish at articulation paint, obovate or elliptiC, 0.5-0.6 cm 

long, glabrous rarely pubescent, crested with three prominent ridges (ribs). Pappus of 

achene pluriseriate, apically inserted, 0.65-1.1 cm long, whITe, barbellate, persistent 

rarely caducous. 

Pollen grains medium sized, isopolar, radially symmetrical or spherical: P = 32·34 (· 

39) microns, E = 34-38 microns. Spinules much more elongated wITh more or less 

blunt apices. 

, his but as A Susanna who 
• This species should ,rather belong to Plecto?ep au · 

. t d e the proper combination and 
currently seem to be WOrking on the genus has no on 

Since I can not do it here, the previouS name is uS: d here. 
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specimens stludled 

ARGENTINA - Formosa, 14/10/ 1945 I. Morel 588 (I<)' P . 
, , uerto RICO, 24/ 10/ 1947, E. 

Schwindt 481 (I<); Puertq Rico, 12/ 11/1948, J.E. Montes 3351 (I<). 

p, AMERICANUS Nun. 

Erect annual herb to c. 1.0 m high, root system taproot , stem green to dark green, 

terete to striate-sulcate, ~cabrous. Internode (1.8-)2-3.3(-3.9) em long. Leaves simple, 

lanceolate to narrowly ellip~c, 7.3-9.9(-33.4) x 1.8-2.6(-9.0) em, anernate, sessile or 

petiolate, petioles winged 0.7-1.5(10.8) cm long, margins serrate to doubly serrate or 

irregularly dentate. Apex apiculate, acute, acuminate or mucronate. Indumentum 

seabrid w~h greyish or woolly white tomentum, glabrescent or scabrid on the ridges, 

sulcations more or less glabrous. Venation brochidodromous, rarely 

eucamptodromous, base sessile, decurrent, attenuate, in some leaves oblique. 

Phyllaries 5- to 7-seriate, imbricate, lanceolate to linear-Ianceolate, (0.4-)0.6-2.9(-3.9) 

ern, bicolourous -phyllaries green chartaceous on the margin, phyllary appendages 

yellow; prickly, puberulent, straight spines present; nervation common in all phyllary 

series and extend to cover the spines, 5-8 brownish striae which become more 

conspicuous towards the inner series. Cap~ulum heterogamous, turbinate or cylindric 

3.1-4.0 cm at anthesis, ray florets purple and neuter, disc florets hermaphrod~ic , 

lertle, receplacle w~h woolly white tomentum. 

Achenes glabrous, bicolourous, black on the upper part, yellow at the articulation 

-0 6 I ng' crested w~h 3 prominent zone, laterally compressed, obovate, 0.5 . em a , 

ridges, articulation zone rib free, and basal-lateral articulation type. Pappus of achene 

plurise,iate, 0.5-0.9 em long, white, barbellate, setaceous and caducous. 
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Specimens studied 

MEXICO - Coahuila, 17/ 6/1936, Lyle Wynd et al 149 (K) ' Ch'h ._ 
. , I u~ ,ua, 16/ 10/ 1887, 

C.G. Pringle S.n. (K); Chihuahua State, 9/8/ 1699, Townsend at al. 247 (K) ; near 

Guadalajara, 20/ 9/ 1897, J.N. Rose 3033 (K)' Guadalupe JAr ' , , . sine s.n. (K); Mexico, 

1848-1849, Dr. J. Gregg 307 (K); Coahuila State Feb ·Dct 1880 Dr E P I ' . . '" amer 766 

(K); Coahuila Slate, 1898, Dr. E. Palmer 294 (K); Southwestern Chihuahua, 

29/8/1830, Dr. E. Palmer 415 (K); New Mexico, 16/ 7/1880, E.L Greene s.n. (K); 

Chihuahua, 18/9/1891 , C.V. Hartmann 781 (K); Mexico, 15/ 11 / 1907, Ekrenberg 

1537 (K). 

KEWCULTIVATED -13/11/80Acc. number 446-79-04458 (K). 

CHILE - San Ignacio, ~/9/1952, R. McVaugh 13267 (K). 

U.S.A. - Flora of North America, Toor & Gray S.n. (K); Houston, Texas, July 1843, 

Undheimer 114 (K); Oklahoma, 26/ 6/ 1913, G.Stevens 1343 (K); Dallas, Texas, May 

1880, J. Reverchon 560 (K); Kerrville, Texas, May 14·21 , 1894, Heller 1774 (K); Texas, 

1843, Undheimer 114 (K); New Brannfels, Texas, May 1849, Undheimer 892 (K) ; 

Arizona, 17/ 10/ 1906. J.e. Blumer 1480 (I<); Asa Gray Herbarium, 1845, A.G. S.n. (K); 

Dallas, Texas, 1872, Elihu Hall 373 S.n. (I<). 

p, CHILENSIS Hook. & Arn. 

A much-branched erect, suffrutescent, fructicose or woody herb, 0.3-1 .2 m high, stem 

. rt labrous sometimes pubescent terete to striate-sulcate. espeCially the upper pa. ' g , 
. t h leaf node Stem greenish 

With white or greyish h~irs , branchlets common a eac , 
. . th stem whorled or radical or 

fading to brown. Le~ves alternate high up , e, .' 
'Ie pinnatifid to pinnatlpartrte, 4-6 

conglomerate at the branching pOint, glabrous, sasSI , 
. . . " the pinnatifid leaves much pronounced 

partite, acicular or linear in outilne, IncIsion on 
. T t pex acute base cuneate or 

Closely approaching the primary vein; margins Clla e, a ' 



-- .oL_ . ~. 

94 

decurrent, indumentum glabrous. Phyllaries 5. . 
. senate, outermost series (0.3·) O.5-t 0 

X 0.2'(),4 em, Innermost series (1.6-)1.9-2.7 x 0150 ' . 
. . . - .3 em, shape various- ovats, 

lanceolate, with Innermost series tending to b . 
ecome linear to linear lanceolate 

bicolourous - appendages yellow, main phyllary g . h ' 
reents yellow, the ratio of 

appendage to phyllary almost 1:1, cartilaginous charta . 
, eeous or eonaeeous, hyaline 

appendage extended to, caver the phyllary margins m d' . 
I' , e Ian spine common 0.4-<).5 

em long, prickly yellowish and straight striations comm d' , on Irected towards the 

median spine_ Capitulu." at anthesis 2.4-3.9 x 5.9-7.2 em, heterogamous, rays with 

deeply incised lobes, p~duncle 0.3-3.9 em long, receptacle base whrrish pubescent. 

Pappus of achene 0.9 em long, white, glabrous. 

Pollen grains with very short spines, spherical, radially symmetrical large grains. P = 

50-53 microns, E = 53-54 microns. 

Specimens studied 

CHILE: Aconcagua Province, 14/ 12/ 1938, J:LMorrison 16871 (I<); Atacama 

Province, Jan. 1924, Werdemann 267 (1<); Prope Valparaiso, 1825, Macrae S.n. (I<) ; 

Atacama Province, 20/10/1938, Morrison 16145 (K): Atacama Province, 07/ 01 / 1926, 

I.M.Johnston 5999 (K); Royal Botanic Gardens Kew, 10:09:1930, T.Hay 576-30 (1<) ; 

Cumbre Andium Claustrum, 1825, Lord Colchester S.n. (1<) ; Chile, Cruickshanks 6 

(1<); Mendoza, June 1876, Moseley 1396 (K); Santiago, Gay S.n. (I<); Coquimbo, 

October 1929, C.Elliot 5;30 (K); Aconcagua valley, October 1939, Saudeman 269 (I<) ; 

Mendoza, December 18~3, Bridges 118 (K); Prope ValparaiSO, 1831, H.Cumming 580 

(I<); Coquimbo, October 1929, C.Elliot 529 (1<); Coquimbo, September 1927, C.Elliot 
; 

33 (1<); Aconcagua, 09/12/ 1951, Hutchinson 126 (K) ; Andacolla valley, October 1927, , 
C.Elliot 89 (K); Coquim,;o, July 1856, W.H.Harvey S.n. (1<); Coquimbo, 20/09/ 1957, 

A.L Cabrera 12698 (K); Santiago, R.A. Philippi s.n. (I<). 
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4 1 . 0 0 47 .00 7 .0 7.0 

41. 00 43 . 00 

41. 00 4 2 . 0 0 

4 2.00 38 . 00 

0. 87 50 

0 .8 5 714 

1 . 04 5 45 

1 . 00000 

0 . 977 2,7 

0 . 89130 

0.97 5 60 

0.91111 

1.00000 

0.89000 

0.95744 

0 . 93~33 

0 . 91304 

0 . 97777 

0 . 87 234 

0.95348 

0 .91 6 19 

1 . 10526 
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101 
Vo uc her s pe c lman w. Ourge , 10 11 

Loc al i ty HARARGE 

I 2. 0 4. 0 2.0 55.00 5 4 .00 

2 2.0 4.0 2.0 56 . 00 54. 00 

3 2.5 · 4 . 0 2.0 52 . 00 49.00 

4 3.0 3.5 2.0 54. 00 54 .00 

5 2 . 0 3 . 5 3.0 53.00 52 . 00 

5 1.5 4.0 3 . 0 44. 00 44 . 0 0 

7 2.0 4.0 2 . 5 50 . 00 48.00 

8 2.0 4.5 2.0 47.00 5 1 . 00 

9 2 . 0 3 . 5 3.0 54 . 00 5 4.00 

.0 2.0 3 . 5 2.0 55.00 55.00 

11 2.0 4.0 3 . 0 44.00 44.00 

' 2 2.0 4.0 2 . 5 42 . 00 4 5 . 00 

' 3 3. 0 4 .5 2 . 5 48.00 5 ' .00 

.4 2 . 0 4.0 2.0 50 . 00 4 9 . 00 

• 5 2.0 4 . 0 2.0 5' .00 52.00 

• 6 55 . 00 48.00 

17 52.00 52.00 

. 8 56.00 55 . 00 
• 

8 . 0 0 . 0 

8. 0 6 . 0 

7. 0 6 . 0 

8 .0 5.5 

8.0 5.5 

5 . 0 7.0 

5 . 0 6.5 

5.0 5.5 

6.0 6.5 

7.0 5.5 

7.0 7 . 0 

5.0 5 . 5 

5.0 7. 0 

5.0 6.0 

6.0 5 . 0 

1 .0185 

I .03 703 

1.06 120 

1 .0000 

1.019 23 

1 . 0 000 

1 .04155 

0.9 2 155 

1. 0000 

• . 0 ' 8'8 

• . 0000 

0.9333 

0.94117 

' .02040 

0 . 98076 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1 7 

18 

Vouc he r soecimen 
Loc a l i y 

4 .0 4.5 3.5 

2 . 0 4. 0 3 . 0 

2.5 4 .5 2.5 

2 .0 4.0 3 . 0 

2 . 0 4 .0 2 . 5 

2 . 5 3 , 5 2.5 

3 . 0 4.0 2 .0 

3.0 4 . 0 2 .0 

2.5 3.5 2 . 0 

3.0 4.0 2 .5 

3.0 4 .5 2 .0 

2.5 3 . 5 2 . 0 

2 . 5 3.0 3 . 0 

3.0 4 .0 2.5 

3.0 4 . 0 2. 0 

.' 101. 

Lyar uu H2 1 
SHOA NenDge s h f o res t 

4 3 .00 4 3. 00 7. a 
46. 0 47 . 00 7, a 
4 5 . 00 4 7.00 6 , 0 

4 0. 00 44 . 0 0 6.0 

4 6.00 42.00 6.0 

4 2 . 00 43 . 00 6 .0 

40. 00 40 . 00 5 . 0 

47.00 48 . 00 6.0 

46.00 44. 00 6 . 0 

4 2 . 00 4 2 . 00 6. 0 

45 . 00 4 7 . 00 6.0 

4 6 .00 4 8 . 00 5 . 0 

49. 00 50 . 00 6 . 0 

4 5 . 00 48.00 6 . 0 

44.010 46. 0 0 5 . 0 

40 .00 44 . 00 

40.00 4 2. 00 

48.0 0 46.00 

6 . 0 1.0000 

7 . 0 0 . 978 7 

7.0 0 . 957 4 

7.0 0 . 90909 

6 .5 1 . 0952 3 

6.0 0.9767 4 

6. 5 1. 000 0 

6 . 0 0.979 16 

5. 5 1.0454 5 

6.5 1. 00 00 

6.5 0. 95 744 

5.5 0 .95 6 33 

6.0 0.98 000 

6 . 5 0.937 50 

6.0 0. 95 65 2 

0 . 90909 

0.952 38 

1 . 0000 
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I 3.5 

2 4.0 

3 3.5 

4 4 .5 

5 4.5 

6 3.5 

7 3.5 

8 3.5 

9 4.0 

10 3 . 5 

11 3.5 

12 4 . 5 

13 4 . 0 

14 4.0 

15 4.0 

16 

17 

18 

vouch. ,. _D CH" n 
loc 11 t. y 

5.0 2.0 

4 .5 2 . 0 

5.0 2.5 

4.0 3.0 

5.0 3.0 

5.0 3.0 

5.0 3.0 

4.5 3.0 

4.5 3.0 

5.0 3.5 

4.5 3.5 

5.0 3.5 

5.0 3.0 

4.5 2.5 

4. 5 2 . 5 

L)'''' "UU H.Je 
SHO - Wo llrH!t,.a - wu,. ou 

4 2 .00 4 9 . 00 7. a 

42.00 49.00 7.0 

4 6.00 44. 0 6 .0 

50 . 00 50 .00 . 7.0 

43.00 44.00 6.0 

41.00 46.00 6.0 

40 . 00 41.00 6.0 

41.00 45.00 6 .0 

44 . 00 44.00 6.0 

49.00 50.00 7.0 

45.00 47. 00 7. a 

42.00 45 . 00 7.0 

42 . 00 46.00 6 .0 

44.00 45.00 6.0 

41.00 47.00 7.0 

41.00 4 3.00 

4 1.00 4 2 .00 

42.00 38.00 

7. a 

6.5 

7 . 5 

7. a 

8.0 

6.0 

8.0 

7.5 

7.5 

8.5 

8 . 0 

8.5 

8 .0 

7.0 

7.0 

0 .8750 

0 . 857 1' 

1. 0 4 545 

1 .00000 

0 .9 7727 

0.89130 

0.97560 

0.91111 

I .00000 

0.89000 

0.95744 

0.93333 

0.9 1304 

0.97777 

0.87234 

0.95346 

0.97619 

1.1 0526 
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AppendiX 5: S!l", .agnification calculation chart 

, 

Obt.ai n ing t.he mngnificutiOI, : 
Ex a mple : Who n t.he IDCH sur~t1 v:..l

u
.; 

\ \. ~cn ld 0 1 ~ 10 !!'p
i 

Hiq~n i fl culion .,. I.: " rn 0-10 11m 

" 

Displayed 0 0 

I118gnifica.tion I 

F"onn : r:~ 
1 (: :,::. 

0 

I 
J5 n 11 , 
SO , 11 

" , n 

10' , 
'SO 

20. ., n n n n 

35' ., n " .> = 500 ., n 
7 " i n 

1000 i 

1500 '-~ 
:woo 

3500 -, n n 
5000 -, n 

I 0 
7500 -, : • 

\ 
n 

_ 10000 -, 

1500 0 

20000 

3 500 0 -, n 
50000 -, n 
75000 -, 

Bold line\' 
n 

I , ' .'11 " • 

n 

n 

n 

n n. 

" 
n 

n 

f"""L-

n 

n , 

n-
n 

1 . 5 c. , 

Scalp. o (ill 
WD IVO 

1 21llm 2.. n\tn .. 
j 11 0 1 000 .. 

70 10 ' 

7 10 

0. 7 

fi9· 4. 8 f.I.ICJnifi ~ lV .' 1011 mdl'k ,uut :; .... 1 '0 f lO 
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