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Abstract: The family Asteraceae is regarded as one of the most advanced family in 
dicotyledons. The fruit of Asteraceae is technically termed as cypsela which is developed from 
bicarpellary, unilocular ovary. The fruit is basically non endospermous but it has one to two 
layers of endosperm at mature state. The term cypsela is followed here which is attached to 
the receptacle by a meristematic zone, known as carpopodium. The detailed morphological 
and anatomical features of mature cypselas of 4 species under 2 genera (Centaure 
acrocodylium, C. rupestris, C. solstitialis and Anthemis marschalliana.) of the tribes Cardueae 
and Anthemideae have been studied. Special emphasis is given to the surface configuration, 
structure of surface hairs, stylopodium, carpopodium and pappus bristles of cypselas by LM 
and SEM. Anatomical features also interesting. In all the studied species, anatomical features 
exhibit cellular variations. In all studied species, epicarpic region containing calcium oxalate 
crystal. Crystal formation has an important taxonomic parameter. If crystal formation takes 
place; there is no phytomelanin layer. In remaining studied species, crystal formation has not 
been observed. A testal feature is also important taxonomically. In all studied species, testa is 
uniseriately arranged. In all studied species, endosperm is uniseriately arranged. It is found 
that the observed features have taxonomic applicability and on the basis of which an artificial 
key to the studied species is prepared for the identification.  
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INTRODUCTION 

The family Asteraceae is one of the largest and highly evolved, most successful family among 

the dicotyledons, consisting of 43 tribes, 1600-1700 genera and 24000 species (Funk et al, 

2009). Asteraceae from an easily recognized and obviously monophyletic groups on the basis of 

both morphological and molecular characters (Bremer et al.,1992). Many members of the 

Asteraceae are cosmopolitan, founds specially in temperate or tropical Montane region and 

open or dry habitats. The fruit of Asteraceae is technically called as cypsela or achene, which 

develops from bi-carpellary, syncarpous, epigynous, one chambered, one ovuled ovary with 

basal placentation. Fruit may or may not be associated with persistant calyx, usually in the form 

of either scales or bristles. The cypselar features are equally important like other floral and 

vegetative/ morphological features for delimitation of taxa and for assessing their relationship. 

Thus a more extensive study of cypselar structure of 3 species of the tribe Cardueae and 1 

species of the tribe Anthemideae have been undertaken to characterize these taxa. From the 

systematic view points, the tribe Cardueae is very disputive and its tribal delimitation is also 

controversial (Mukherjee and Nordenstam, 2008).The tribe Cardueae is one of the largest 

family in Asteraceae containing about 73 genera and over 2360 species and the tribe shows 

great variety of habit, floral morphology and cypselar anatomy. According to Bentham (1873), 

the broadly defined tribe Cardueae consist of 4 subtribe i.e. Echinopsidinae, Carlinae, Cardunae 

and Centaureinae, which are followed for simplicity. The importants of cypselar morphological 

or / and anatomical features either from LM and SEM studies has been recognized in the tribe 

Cardueae by several workers (Lavialle, 1912;  Carlquist, 1958; Chauhan, 1972; Dittrich, 1968, 

1977.).On the other hand, the tribe Anthemideae is one of the primer tribe, where the 

applications of both morphological and anatomical features of cypselae have been employed 

for characterization of taxa. The Anthemideae is commonly monophyletic, medium size tribe 

and consist of 10 subtribes, 109 genera and 1740 species (Bremar, 1994). Briquet (1916), Hegi 

(1918, 1929), Giroux (1933), Horvatic (1963), Kynclova (1970), Heywood and Humphries (1977), 

Kallersjo (1985, 1990), Weberling and Reese (1989) and others had been attracted and 

fascinated by the tribe Anthemideae and have incorporated the characters of cypselae either 

from morphological or anatomical observation or both. Most of them have not presented the 

detailed differences in the morphology and anatomy of the cypselae.The present study is aimed 

to supplement the previous works, for better understanding of taxa by SEM, which may help in 

reshaping the existing classification system. The present study deals with the detailed structure 

of cypsela in three species belonging to the tribe Cardueae and 1 species belonging the tribe 

Anthemideae.  An artificial key has been presented here to recognize the studied taxa at the 

generic and specific level on the basis of morpho-anatomical features of cypselae. 
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MATERIALS AND METHODS: 

Mature,  dry, identified  cypselae  were  collected  from Herbarium  of  the University Botanic 

Garden of Copenhagen, which  are given  in  the table -1.Sprcimens were procured by the active 

initiation of Dr. Hans Vilhelm Hansen, Curator, University Botanic Garden of Copenhagen. 

Gothersgade 130, DK-1123. Copenhagen. Denmark.                                                                                                                      

Table-1: Showing the name of studied taxa and their sources. 

Sl.  
No. 

Name   of  Taxa  Source   

1 Anthemis marschalliana 
Willd.(Anthemideae) 

University Botanic Garden of Copenhagen 
Gothersgade 130. DK-1123 
Copenhagen. Denmark.   Collection Number- P1991-5075 

2 Centaurea crocodylium 
L. 
(Cardueae) 

University Botanic Garden of Copenhagen 
Gothersgade 130. DK-1123 
Copenhagen. Denmark.   Collection Number- S1855-0459 

3 Centaurea rupestris 
L.ssp. athoa(DC.) Gugler 
(Cardueae) 

University Botanic Garden of Copenhagen 
Gothersgade 130. DK-1123 
Copenhagen. Denmark.   Collection Number- P1995-5172 

4 Centaurea solstitialis L. 
(Cardueae) 

University Botanic Garden of Copenhagen 
Gothersgade 130. DK-1123 
Copenhagen. Denmark.   Collection Number- E2871-0043 

 

 

Fresh plant materials were used for the study of micromorphological character of four species 

of Compositae. The cypselae were fixed in FAA solution. At least ten cypselas from different 

capitula were taken randomly and washed in water. Then the cypselas were kept in 2% NaOH 

solution for 5-7 days for softening and clearing the tissue. Then the cypselas were washed in 

water and dissected under stereo dissecting binocular microscope and different parts of 

cypselas including pappus were separated out carefully and stained with 0.5% aqueous 

safranin. After proper staining, dissected parts were mounted in 70% phenol glycerin solution 

and sealed with wax for semi-permanent preservation. Cypselas parts were studiedwith the aid 

of compound microscope and were drawn by the prism type of camera lucida. Measurements 

were facilitated by stage and ocular micrometer.  

 

SEM study: 
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To  determine  the  detailed  structural  variability  of  the  cypselar  surface  by  SEM,  a 

minimum  of  5  air  dried  preserved  cypselas  of  each  species  are  selected  randomly. 

Cypselas  are  mounted  on  labeled  stubs  with the  help  of  double  coated  cellophane  tape  

and  colloidal  silver  paste  and  coated  with  gold  palladium  alloy  in  a  spatter  coater.SEM 

photographs were taken with the help of Scanning Electron Microscope, from University 

Scientific Instrument Centre, Burdwan University, Golapbag, Burdwan. 

OBSERVATION: 

Anthemis marschalliana Willd. 

Cypselar morphology: Figs. 1.(A,B,C,D,E,F); 4.(A,B,C); 5.(A,B,C). 

Cypsela homomorphic, not differentiated into ray and disc cypsela.Cypsela 3.5mmx1.5mm,light 

brown,narrowly oblong,straight,minutely sagittate at base,crown conspicuous,more or less 

elliptical in cross sectional configuration.Surface glabrous,containing two ribs at lateral 

region,alternate with furrow,furrow wider than the ribs.At the upper part of cypsela 

stylopodium present;prominently enlarge,partially immersed into the nectary.At the basal 

region of cypsela carpopodium present,biconvex symmetric, complete ring like.Carpopodial 

cells thick walled, more or less rounded, arranged in three rows. 

Cypselar anatomy: Figs. 6.(A,B). 

Cypsela more or less elliptical in crosssectional configuration. Pericarp 6.48µm thick  in rib 

region and 3.48µm thick in furrow region. Pericarp differentiated into three zones- epicarp, 

mesocarp and endocarp. Epicarp made up of uniseriately arrangedthick walled, 

parrenchymatous cells; horizontally placed. Just internal to the epicarpic region, mesocarpic 

region present, made up of thin walled, loosely arranged cells, sclerenchymatous in 

nature.Within the mesocarpic region, just below the ribs, vascular trace present. Internal to the 

mesocarpic region, endocarpic region present, made up of horizontally placed, uniseriately 

arranged parenchyma cells. Testa attach with cypselar wall, 1.5 µm thick, made up of crusted 

layer of uniseriately arranged parenchyma cells. Endosperm uniseriately arranged, thick walled, 

parenchymatous. 

Centaurea crocodylium  L. 

Cypselar morphology: Figs.1.(G,H,I,J,K,L,M,N,O,P); 4.(D,E,F,G,H,I); 5.(D,E,F,G). 

Cypsela heteromorphic. Ray cypsela 12mmx2mm including pappus, 5mmx2mm excluding 

pappus. Disc cypsela 8mmx1mm including pappus, 3mmx1mm excluding pappus; deep brown, 

ovoid, straight, upper part truncate, whereas lower part tapered and slightly curved. Elliptical in 
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cross sectional configuration. Apical end of cypselar pericarp often collar like, margin of the 

collar dentate in disc cypsela and entire in ray cypsela. Surface pubescent, hairy with muricate 

surface cells, containing 2 prominent ribs at the 2 lateral lobe region, alternate with furrow, 

furrow wider than the rib region. Unicellular twin type hairs present at the rib region, directed 

upward, non-glandular. Stylopodium present, inconspicuous, partially immersed into the 

nectary. Pappus heteromorphic, numerous, arranged in 3 rows, inner most and outer most row 

of scales  shortest whereas middle row of scales or bristles  longest, unequal, dull white in 

colour; Middle row of pappus bristles multicellular, serrulate setose type, persistent in nature, 

6-8mm long with unequal pointed apical cells. Carpopodium present,more or less triangular in 

disc cypsela whereas round in ray cypsela, concave, lateral-adaxial; Carpopodial cells not 

distinctly separated from the other parts of cypsela i.e. pseudocarpopodium. 

Cypselar anatomy: Figs. 6.(C,D) 

Cypsela elliptical in cross sectional configuration. Ribs present; 2 in number, conspicuous. 

Cypselar wall   6.4µm and 14.6µm wide at furrow and rib region respectively. Pericarp thick, 

differentiated into two zones ς epicarp and mesocarp, endocarp absent; Epicarp uniseriate, 

made up of thin walled pentangular, compactly arranged, parenchymatous cells. Cutical 

present at the outer surface. Internal to the epicarp, mesocarp present, homogenous, made up 

of thick walled, pentangular, compactly arranged, sclerenchyma cells,horizontally placed. 

Vascular trace present in mesocarpic region at each rib. Testa attached with pericarp, 

approximately 5-6µm thick, differenciated into outer and inner zone; Outer zone cellular, one 

or two layered, organized, made up of thick walled, horizontally placed, parenchymatous cells. 

Inner zone disorganized, represented by a narrow, crusted layer of collapsed parenchyma cells. 

Endosperm persists in mature cypsela, uniseriate, parenchymatous, compactly arranged and 

tangentially oriented. Mature embryo occupies a major part of cypsela; Cotyledons 2 in 

number, containing 10 resin ducts (5 resin ducts in each cotyledon) of which central one larger 

and elongated than others. 

Centaurea rupestris L.ssp.athoa(DC.) Gugler. 

Cypselar morphology: Figs. 2.(A,B,C,D,E,F,G,H,I); 4.(J,K,L); 5.(H,I,J,K). 

Cypsela heteromorphic. Ray cypsela 9mmx2mm including pappus, 5mmx2mm excluding 

pappus. Disc cypsela 8mmx1.5mm including pappus, 4mmx1.5mm excluding pappus; deep 

brown, obovoid, straight, upper part truncate, whereas lower part trappered and slightly 

curved. Elliptical in cross sectional configuration. Apical end of cypselar pericarp often collar 

like, collar entair in ray cypsela, whereas slightly dentate in disc cypsela. Surface pubescent, 

containing unicellular, twin type of surface hairs, ascending in orientation with the surface, non-

glandular. Surface containing calcium oxalate crystal, 2 ribs at 2 lateral lobe region, alternate 
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with furrow, furrow wider than the rib region. Stylopodium present, inconspicuous, partially 

immersed into the nectary. Pappus heteromorphic, numerous, arranged in 3 rows, inner most 

and outer most row of scales  shortest, whereas middle row of scales or bristles  longest, 

unequal, light brown in colour;  Middle row of pappus bristles multicellular, serrulate setose 

type, persistent in nature, 2-4mm long with unequal pointed apical cells. At the basal region of 

cypsela carpopodium present, biconvex, narrow than the base. Carpopodial cells not clearly 

distinct from the remaining part of cypsela i.e. pseudocarpopodium. 

Cypselar anatomy: Figs.6.(E,F). 

Cypsela elliptical in cross sectional configuration. Ribs present; 2 in number, conspicuous. 

Cypselar wall 12.2µm and 15µm wide at furrow and rib region respectively. Pericarp thick, 

differentiated into two zones ς epicarp and mesocarp. Epicarp made up of uniseriately 

arranged, pentangular, thick walled parenchyma cells. Cutical present at the outer surface. 

Internal to the epicarp, mesocarp present, made up of thick walled, more or less rounded, 

compactly arranged, sclerenchyma cells. Internal to the mesocarpic region, testal region 

present; differentiated into outer and inner testal region; outer testal layer made up of palisade 

like parenchyma cells, whereas inner testal region made up of crusted layer of parenchyma 

cells. Endosperms uniseriately arranged, cells horizontally arranged. Mature embryo occupies a 

major part of cypsela. Cotyledons  2 in number, arranged in right angle to the axis of the 

cypsela, containing 10 resin ducts ( 5 resin ducts of each cotyledon) of which central one larger 

than others, roundish in outline. 

Centaurea solstitialisL. 

Cypselar morphology: Figs- 3.(A,B,C,D,E,F,G); 4.(M,N,O,P); 5.(H,I,J,K). 

Cypsela homomorphic. 5.5mm x1.5mm including pappus, 2.5mmx1.5mm excluding pappus, 

ovoid, straight, greayish green in colour; Upper part truncate, whereas basal part trappered and 

slightly curved, more or less oval in cross sectional configuration. Apical end of cypselar 

pericarp often collar like, collar dentate. Surface pubescent, containing 16-18 inconspicuous 

ribs, alternate with furrow, furrow less wider than ribs; surface hairs ascending in orientation to 

the surface, unicellular, twin type, non-glandular; surface containing calcium oxalate crystal, 

crystal hexagonal in shape. At the upper portion of cypsela stylopodium present, inconspicuous, 

fully immersed into the nectary. Pappus heteromorphic, numerous, arranged in 3 rows, inner 

most and outer most row of scales  shortest, whereas middle row of scales or bristles  longest, 

unequal, white in colour;  Middle row of pappus bristles multicellular, serrulate setose type, 

persistent in nature, 0.5-3mm long with unequal pointed apical cells. At the basal region of 

cypsela carpopodium present, narrow than the base, hexagonal; Carpopodial cells not clearly 

distinct from the remaining part of cypsela i.e. pseudocarpopodium. 
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Cypselar anatomy: Figs. 6.(G,H). 

Cypsela more or less oval in cross sectional configuration, Ribs present, 16-18in number, 

inconspicuous. Pericarp thick, on an average 3µm and 3.6µm in dorsiventral and lateral lobe 

region respectively. Pericarp differentiated into two regions ς epicarp and mesocarp. Epicarp 

uniseriately arranged, thick walled, compactly arranged, parenchymatous, cells 

horizontallyplaced. Internal to the epicarpic region, mesocarpic region present, made up of 

thick walled, irregular, compactly arranged sclerenchymatous cells. Internal to the mesocarpic 

regions, testal regions present, differentiated into outer and inner testal region; Outer testal 

region made up of thick walled palisade like parenchyma cells, whereas inner testal region 

made up of thick walled, pentangular, compactly arranged sclerenchyma cells; Cells  triseriately 

arranged. Internal to the testal region, endosperme region present, thick walled, horizontally 

placed, parenchyma cells; Cells are uniseriately arranged. Mature embryo occupies a major part 

of cypsela. Cotyledons  two in number, arranged at right angle to the axis of cypsela, containing 

8 resin ducts ( 4 resin ducts in each cotyledon ) more or less triangular in outline. 

 

 

1 mm.  A, B,C,J,K,I; 2 mm          G,H, P;             0.1 mm     D,E,  L,M,N 

0.03 m  F                0.2 mm     O 

 

 

1. Cypselar morphology of the studied species  
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A-F-Anthemis marschalliana: A-Cypsela, B-Upper part showing stylopodium, C-Lower part 

showing carpopodium, D-Carpopodial cells, E-Surface cells, F-A magnifying view of surface cells; 

G-P-Centaurea crocodylium: G-Ray cypsela, H-Disc cypsela, I-Upper part showing stylopodium 

(Disc cypsela), J-Lower part of cypsela showing carpopodium (Ray cypsela), K-Lower part of 

cypsela showing carpopodium (Disc cypsela), L-Upper part of pappus, M-Middle part of pappus, 

N-Lower part of pappus, O-Surface cells, P-Upper part of cypsela showing stylopodium (Ray 

cypsela). 

 

2 mm A,B;  1 mm           C,D;     0.2 mm    E,F,G;        0.03 mm    H,I; 

2. Cypselar morphology of the studied species  

A-I-Centaurea rupestris: A-Ray cypsela, B-Disc cypsela, C-Upper part of cypsela showing 

stylopodium, D-Basal part of cypsela showing carpopodium, E-Upper part of pappus, F-Middle 

part of pappus, G-Lower part of pappus, H-Surface, I-Surface showing crystal. 

List of abbreviations: 

Ep.- Epicarp, Me.- Mesocarp, T.- Testa, End- Endocarp, E- Endosperm, Pa- Parenchyma, Scl- 

Sclerenchyma, V.T.- Vascular  trace, S.D.- Secretary  duct, Scl- Sclerenchyma bundle, R.D.- Resin 

ducts, Cot.- Cotyledon, Pal.- Palisade like parenchyma cells. 
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2mm         A         1 mm        B,C;     0.2 mm   D,E,F;     0.05 mm G. 

3. Cypselar morphology of the studied species  

A-G-Centaurea solstitialis: A-Cypsela, B-Upper part showing stylopodium, C-Lower part showing 

carpopodium, D-Upper part of pappus, E-Middle part of pappus, F-Lower part of pappus,G-

Surface showing crystal. 

 

4. Camera photographs of studied cypselas 

A-C-Anthemis marschalliana: A-Cypsela, B-Basal part of cypsela, C-Upper part of cypsela; D-I-

Centaurea crocodylium: D-Cypsela, E-Upper part of cypsela, F-Lower part of cypsela, G-Surface 

showing surface hair, H-Upper part of cypsela showing pappus, I- Pappus; J-L-Centaurea 

rupestris: J-Cypsela, K-Upper part showing stylopodium with pappus, L-Lower part of cypsela; 

M-P-Centaurea solstitialis: M-Cypsela, N-Upper part showing stylopodium with pappus, O-

Lower part, P-Pappus. 
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5. SEM- Photographs of studied cypselas 

A-C-Anthemis marschalliana: A-Cypsela, B-Basal part, C-Surface; D-G-Centaureacrocodylium: D-

Upper part of cypsela showing stylopodium and pappus, E-Pappus, F-Surface, G-Basal part of 

cypsela; H-K-Centaurea rupestris: H-Basal partof cypsela, I-Surface, J-Upper part of cypsela 

showing stylopodium and pappus,K-Pappus; L-O-Centaurea solstitialis: L-Basal part, M-Surface 

showing hairs, N-Pappus, O-Upper part of cypsela showing stylopodium and pappus. 
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0.3 mm A,C,E;     0.03 mm   B                 0.05 mm  D,F; 

6. Anatomy of cypselae of studied species 

A-B--Anthemis marschalliana: A-Diagramatic view, B-Cellular view; C-D-Centaurea crocodylium: 

C-Diagramatic view, D-Cellular view; E-F-Centaurea rupestris: E-Diagramatic view, F-Cellular 

view. 

 

 

0.03 mm G                                                        0.05 mm    H 

 

7. Anatomy of cypselae of studied species 

G-H-Centaurea solstitialis: G-Diagramatic view, H-Cellular view. 

DISCUSSION: 

Cypselar Morphology: 

Among the studied species (Anthemis marschalliana, of the tribe Anthemideae; Centaurea 

crocodylium ssp. athoa, Centaurea rupestris, and Centaurea solstitialis of the tribe Cardueae) 

Anthemis marschalliana and Centaurea solstitialis are homomorphic, whereas remaining  two 

studied  species, such as Centaurea crocodylium and Centaurea rupestris ssp. athoa. are 
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heteromorphic. Morphologically, colour, sizes are less diagnostic than shape of cypselas. 

Similarly surface ornamentation, pappus structure and carpopodium are valuable than 

stylopodium. Colour of cypsela also variable and also depends on the maturity of cypsela. In 

Anthemis marschalliana cypsela is light brown in colour; whereas in Centaurea crocodylium and 

Centaurearupestris ssp. athoa cypselas are deep brown in colour, also in Centaurea 

solstitialiscypsela is greayish green in colour. The shape of cypsela is narrowly oblong in 

Anthemis marschalliana, whereas in remaining three studied species, the cypselas are ovoid - 

somewhat obovoid. The apical end of cypselar pericarp is often collar like. Margin of the collar 

is taxonomically significant (Dittrich, 1977) which is either dentate in all 3 studied species of 

Centaurea or crown like, conspicuous in Anthemis marschalliana. The surface of cypsela is often 

pubescent, containing unicellular twin type hairs in all three studied species of Centaurea or 

glabrous in Anthemis marschalliana. This type of hair has been mentioned by Dittrich (1977), 

for the tribe Cardueae. The unicellular hair on the cypselar surface of Centaurea sp. has been 

reported by Briquet (1930).In all the studied cypselas, phytomelanin layer is absent. 

Stylopodium is inconspicuous, fully immersed into the nectary.  Although, the structure and 

vascularization pattern of stylopodium  is more or less constant in each species, yet their 

taxonomic importance is not very significant; because when viewed from outside, these are 

usually covered by the corona. Kynclova (1970), has designated the stylopodium as corona and 

discussed its importance in taxonomic study. At the basal region of cypsela, carpopodium exist. 

Although, earlier authors had not studied the nature of carpopodium in the tribe Anthemideae. 

However, Haque and Godward (1984), have reported the absence of carpopodium in Anthemis 

arvensis. Present study clearly shows that in Anthemis marschalliana, carpopodium is 

completely ring like, thick walled, more or less rounded, and arranged in 3 rows. Presence of 

carpopodium is an important taxonomic character to separate among the different taxa.  

Abscission  zone has been recognized as 'callus or podocarp' by Robinson (1913), 'carpopod' by 

Blake (1918), 'separation tissue' by Roth (1977), 'mechanical tissue' by Jefferey (1987), or as 

'carpopodium' by many authors after Mattfeld i.e. , Robinson & Brettell (1973), Robinson & 

King (1977), Wetter (1983), Jeffrey (1992) and Short (1989). Jana and Mukherjee (2014), have 

contributed a little information, regarding the carpopodial structure in Compositae.So 

carpopodial features have definite systematic value for characterization of taxa. At the upper 

portion of cypsela pappus is present, which is represented by barbellate-setose type of pappus 

bristles in 3 studied species of Centaurea sp. Pappus structure is also a very important character 

from taxonomic view point. Mukherjee & Nordenstam (2008) have mentioned the diversity of 

pappus structure in some tribes of Asteraceae. Pappus is usually reduced or modified to corona 

in the tribe Anthemideae as in Anthemis marschalliana. In all the studied species of Centaurea, 

pappus is represented by 3 circles.  
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Cypselar Anatomy: In all the studied species, anatomical structures are also important after 

morphological characters. In all the studied species of Centaurea spp., (C. crocodylium, C. 

rupestris and C. solstitialis), epicarp is made up of uniseriately arranged, parenchyma cells. In all 

the studied species, mesocarp is made up of compactly arranged, thick-walled, parenchyma 

cells, except Anthemis marschalliana. In all studied species, resin duct is found in mesocarpic 

region as well as cotyledonary region. Presence of resin cavity, within the pericarp in many 

members of the tribe Cardueae has been reported by Lavialle (1912). The occurrence of resin 

ducts has also been reported by Sing and Pandey (1984), in 2 species of Carthamus and by 

Dittrich (1977), in Centaurea and others. Present study fits well with the observation of Dittrich, 

regarding Centaurea. Secretory organs are consideredto be of taxonomic importance in 

Cardueae by Susanna et al. (1995).Testal features are also an important taxonomic parameter. 

In all the studied species, testal layer is represented by thick-walled, palisade parenchyma like 

cells except Anthemis marschalliana.  It is an important feature in the tribe Cardueae. Number 

of resin ducts in each cotyledon is also variable from 6 - 10. From the taxonomic viewpoint, it 

has been indicated that C. crocodylium is too some extent advanced than other two species 

ofCentaurea (C. rupestris ssp. athoa and C. solstitialis). Internal structure of cypselas in 

transverse section is more or less identical, though there are some differences in the 

morphological structure of ray and disc cypselas of C. crocodylium and  C. rupestris ssp. 

athoa.Distribution of vallecular canal, mucilage vescicles, numbers and distribution of 

sclerenchyma braces are important taxonomic marker for isolation of taxa especially for the 

tribe Anthemidae. Endosperm is uniseriate in all studied species.Druses or rectangular prismatic 

crystal of calcium oxalate is found in the mesocarpic region of the C. rupestris and 

epicarpicregion of the C. solstitialis. Dormer (1961, 1962), Mukherjee and Nordenstam 

(2008),Jana and Mukherjee (2014), have extensively studied the crystal structure in the ovaries 

of certain Asteraceae and mentioned the presence of crystal in Centaurea and others. Singh 

and Pandey (1984) have contributed the presence of druses in Centaurea cyanus. 

CONCLUSION: 

From the above observations, it can be concluded that cypselar morpho-anatomical features 

have significant value for  the separation of taxa  to show the relationship among them and 

finally for the revision of  existing system of classification. 

An artificial key to the studied species: 

1.A.  Cypsela homomorphic; pappus may be present or absent; stylopodium inconspicuous;     

carpopodium may be bilobed or hexagonal; mesocarp may be parenchymatous or 

sclerenchymatous; testal layer may be one or 

ǘǿƻΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΧΧΧΧΧΧΧΧΧΧ.(2) 
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1.B. Cypsela heteromorphic; pappus present;  carpopodium may be round ς triangular ς 

bilobed; mesocarp with sclerenchyma tissue; testa two layered;  

ΧΧΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..(3) 

2.A.  Pappus absent; carpopodium bilobed; mesocarp containing parenchyma cells; testa single 

ƭŀȅŜǊŜŘΧΧΧΧΧΧΧΧΧΧΧΦΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.Anthemis marschalliana. 

2.B. Pappus present; carpopodium hexagonal; mesocarp containing sclerenchyma cells; testa 

ǘǿƻ ƭŀȅŜǊŜŘΧΧΧΧΧΧΧΧΧΧΧΧΦΦΦΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ..Centaurea solstitialis. 

3.A. Stylopodium prominent; surface hairs mostly found at the rib region, hairs long; crystal 

ǇǊŜǎŜƴǘ ŀǘ ŜǇƛŎŀǊǇƛŎ ǊŜƎƛƻƴ ŀǎ ǿŜƭƭ ŀǎ ƳŜǎƻŎŀǊǇƛŎ ǊŜƎƛƻƴǎΧΧΧΧΧΧΧΧΧCentaurea crocodylium. 

3.B. Stylopodium inconspicuous; surface hairs mostly found at the whole surface, hairs small; 

crystal present only in the mesocarpic reƎƛƻƴǎΦΦΦΧΧΧΧΧΧΧΧΧΧCentaurea rupestris ssp. athoa. 

List of abbreviations: 

Ep.- Epicarp, Me.- Mesocarp, T.- Testa, End- Endocarp, E- Endosperm, Pa- Parenchyma, Scl- 

Sclerenchyma, V.T.- Vascular  trace, S.D.- Secretary  duct, Scl- Sclerenchyma bundle, R.D.- Resin 

ducts, Cot.- Cotyledon, Pal.- Palisade like parenchyma cells. 
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