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Abs tract - All the Czechoslovakian s pecies of genera Anthemis L., Matricaria L., 1'ripleuro
spermum ScH. Brr., Chrysanthemum L. and Tanacetum L . belonging to the tribe Anthemideae CASS. 
were studied from the viewpoint of morphological and anatomical features of their achenes. It was 
found that the characters examinod have a taxonomic applicability, on the basis of which a key 
to species and genera was designed. It remains to process the genera Achillea L . and Artemisia L. 
of the tribe Anthemideae in the sam o way. 

An orientation survey of material confirmed the previous assumption that 
the characteristic differentiation features of the morphology and anatomy of 
achenes of selected genera of the tribe A nthemideae CASS. of the family Astera
ceae might make it possible to distinguish between these taxa simply on 
the basis of achene structure or even that it will be possible to design a key to 
the species and genera according to the differences of morphology and ana
tomy of their achenes. 

For the study itself we selected the tribe Anthemideae as conceived by CRONQUIST (1955). The 
original division of the fami ly Asteraceae was carried out by CASSINI (1826 - 1834). BENTHAM 
(1 873 ) then divided the family Asteraceae into 13 tribes. CRONQUIST (I.e.) proceeds in his work 
from BENTHAM's division (I.e.) but does n ot r ecognize the tribe H elenieae and hence divides the 
Asteraceae into only 12 groups. In the present study I characterize the tribe Anthemideae according 
to CRONQUIST (I.e .) but I omit the genera Artemisia L . and Achillea L., partly because of the consi. 
derable demands of their t echnical processing (first of all in the field of the anatomy of the ache
nes). The two genera are intended to be studied in the future . 

The work concerns the following species and genera (the order of the treated taxa and their 
n omenclature follow DosT.AL, 1958): 

Anthemis L. A. tinctoria L . 
A. austriaca JACQ. 
A. arvensis L. 
A. ruthenica M.BIEB. 
A. cotula L . 

Matricaria L. M. chamomilla L . 
M. discoidea DC. 

Tripleurospermum ScH. BrP. - 71
• maritimum (L.) ScH. Brr. 

Chrysanthemum L. - Ch. alpinum L. 
Oh. leucanthemum L. s.l. 
Ch. rotundifolium W. et K. 
Ch. corymbosum L. - subsp. corymbosum 

- subsp. clusii (FISCH.) HAND. -MAZZ. 
Ch. zawadzkii H ERB. 
Ch. serotinum L. 

Tanacetum L. T. vulgare L. 
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The species Anthem is orientalis (L.) DEG. r eported in Czechoslovakia from two localities 
(village Zlosejn, formerly Zlosyi'1, with the hill DHnov n ear Kralupy on Vlt., and the hill Chotobus 
n ear Dobfis ) is not included in the treatment. Tho author could not locate the species at any of 
the two above localities. It must have vanish ed from the localit,ies apparently due to a striking 
change of their character. Tho latest report on the species A . orientalis (specimens PRC and PR) 
dates from 1903 (sandhills n ear Zlosejn, leg. HoMOLKA) and from 1901 (Chotobus n ear Dobfis , 
leg. DOMIN). Herbarium specimens could not be examined since the collected plants were in 
flower so that no achenes were doveloped. 

Material s and M e thods 

Significant diacritical characters can be examined only on fully mature and intact achenes . 
Immature achenes may display only little differentiation of the characteri stic structures and 
different colouring of the various parts which are essential for the classification. 

It was found t o be preferable t o collect a ch en es at the time wh en the st em s begin t o desiccate 
immediately below the h ead. The h eads, h owever, may not fully lose their orig inal colour even in 
the dry state. If thoy are dry and grey-black or grey-brown (including the ray flowers ) one may 
take it fo r certain that the ach enes, too, will have a different colour than the ach en es of intact 
anthodia. Water (above all rain) is an unfavourable factor which g reatly alters the colour and 
sometimes even the structure of the ach ene surface. Tt is thus n ot recommended t o collect wet, 
material. Heavily soaked anthodia u sually turn black even if dried quickly and may readily get 
mouldy. 

The collect ed anthodia were freely spread on a sheet of filter paper. Afte r drying , the achenes 
of the di sk flowers were separated from those of the ray flowers and placed in small t est - tubes or 
cellophane bags provided with data on the collection. 

In some cases, particularly with the genus Chrysanthemum on e may gather anthodia before 
maturity with fully coloured but still soft achenes which are then left to mature in a dry warm 
room (whole anthodia). This method is part icularly suitable for obtaining perfectly mature 
achenes of ray flowers , the maturation of which is slower. 

By studying a greater number of achenes I selected morphological charact ers typical of the 
studied species. These characters were then investigated in t h e 0ntire collected material. For 
statistical evalua tion I m easured the length of achen es (with a ch enes provided wit h a border the 
entire len gth was determined) and the maximum width of t h e ach en es (if the border was wider 
than the a ch en e proper, the maximum width was m ea sured at the widest part of t h e achcn o and 
n ot of its b order). The number of ribs on the a ch en es was det ermined and with species where the 
achen es contain a border or a coronet the size of these parts was also de termined.I) 

To establish the differen t iation charac ters of a ch e ne ana tomy cross sections t hro ugh the 
achenes were prepared. Since the pericarp of m ost Rpecies is h eavil y sclere nch ymatic it must be 
softened b efore sectioning. With most species , 2 - - 4 h our soaking in water with a few drops of 
glycerol is enough. With achen es possessing a particularly dev eloped scleren ch ym a tic pericarp it 
was found useful either t o boil them in wa t er (Anthemis cotu la ) or in 2N KOH (A . arvensis and 
A. ru thenica). The last -na m ed a chenes can also be softened. with lact ophonol. The softening process 
may then take a,;_; long a s four week s . 

List of localities where the studied sp ecies were collec ted (the localities are designated a ccording 
t o the map supplem ent of F u TAK and DoMIN, 1960) : 

Anthemis tinctoria L. : Dacice, desolate qa urry at T ouzin - 26; Lnvcovice n ear P olice -- 26; 
Hradova near Tisovec - 70. 

A . austriaca JACQ.: Kosm on osy n ear MI. B oleslav , camping-site - 30; Zlosejn near Veltrusy, the 
hill of Dfinov - 43; Jarom el', fi elds along t h e road up to Josefov - 57; Sahy , eaRt of the town, 
the hill Vysoka - 39; N ove Zamky , fields south-westwards - 50. 

A. arven,'lis L .: Zlosejn n ear Veltrusy, the fi eld on the hill of Dffnov - 43 ; Ctibor n ear Vlasim, 

1) The m ea surem ents were a lways conducted on 100 a ch enes from the disk a nd on 100 achenes 
from the ray of each sample . An exception wa s formed h ere only by the dat a on the species 
Chrysan themum zawadzkii where 400 a ch enes from the disk and 400 from the ray were investi
gated, in spite of the fact that the species is found on a single locality in Czechoslovakia. As 
I managed t o collect a greater amount of material I studied it all t o lend the highest possible 
s ignificance t o the results. Similarly , with the species Ch. serotinum the same rea sons led to 
m easuring 1000 a chenes from the disk (n o a ch en es a re developed from the ray fl owers in this 
spec ies ) on m ateri a l from t wo localities . 700 a ch en es were gat h ered in a nati ve locality at Latorica 
M ost, 300 were from the Botanical Garden of the Charles University in Prague. 
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n. field - 24; Velka Lhota near Dacice, fioldpath up to Poldovka -26; 8ahy, east-southern 
hillsirl.e near the town - 39 ; .Tavornik near Vlasim, fields - 24. 
A. ruthenica M. Burn.: Lysa on Elbe, fi elds along the road to Nymburk - 57; Doksany near 
Houdnice, bank of the river Ohfo - 42; Zlosejn near Veltrusy, sandbank south-eastwards of the 
Yilla.go - 43; Hodonin, Strazni<Je-Pi'ivoz railway station, sandbank - 48; Hodonfn, Rohatec - 48; 
>< undbank near Hatiskovice -48; Nove Zamky, at the railway station - 50; Plastovce, south
western edge of the village - 50. 

A. cotula L.: Ctibof near Vlasim - 24; Javornik near Vlasim - 24; Golct"1v J enikov, along the 
road to ChotOboi'· - 24; Zlosejn near Veltrusy, in the village - 43; Podho.fany near Kralupy, in the 
village -57 . 

. lfatricaria charnomilla L .: Dobfis, in front of the castle - 44; Vlasim, the field near the Smikov 
!!,ond - 24; Golcuv Jenikov, along the mad to Chotebor -24; Dacice, at the railway station - 26; 
( .osky Rudolec near Dacice, in the village -- 26 . 

. vf. discoidea DC.: Podhofany n ear Kralupy, in the village - 57; Kosmonosy near Ml. Boleslav 
- :10 ; Ctibor near Vlasim - 24; Dolni Radikov distr. Jindrichuv Hradec - 26; Blucina near 

Z idlochovice - 45. 

'f'ripleurosperrnurn maritimum (L.) Smr. BrP.: Doksany, eastern edge of the village - 42; Dobfis , 
the hill Chotobus - 44; Vlasim, the Kojetice yard - 24; Trebon, the bank of Opatovicky pond 
- 29; Vno rovy di str. Hodonin, at the village - 48; Nove Zamky, at the railway station -50. 

Chrysanthemum alpinum L.: Liptovske Tatry, the ridge of the Srnrek mountam cca 1900 - 2000 m 
u.s. l. - 77a; Lipt. Tatry , Smutne sedlo - 77a; Lipt. Tatry, Ziarske sedlo under Placlivo cca 1850 m 

· 77a; High Tatras , chale t Brncalova chata - 77b; H. Tatras, waterfall under Velicke pleso 
rnountainlake - 77b; H. Tatira::i, from Zabie plesa mountain lakes to Vahy saddle-back near Rysy 
ridge - 77b; Botanical garden in Kirovsk - USSR; 
(!hrysanthemum leuca,nthemum L. - diploid: the road from Cesky Rudolec to Markvarec - 26; 
Ra.hy, meadow under Mo(:iar cca. 200 m -- 39; Belanske Tatry, Predne Medodoly, a m eadow in 
mountain pine cca 1600 m - 77c; Bel. Tatry, Zadne Med'odoly, north -western meadow cca 1500 m 
- 770; Bel. Tatry, Dolina siedmich pramenov valley - 77c; 

tetraploid: Chlum near Vinafice, along the road to Ml. Boleslav - 30; Vlasim, Horni Lhota, 
slope on tho edge of the village cca 600 m - 24; Vlasim, encl of the spruce forest in the valley 
of Mil ovanick y potok brook -24; Dolni Radikov near Jindf. Hradec, in the village - 26; Dolnice 
near Chob, at the railway station - 31; Skutoc, between Hnovetice and P eralec - 27; High Tatras, 
Stara L c:sna., meadow along the r oad, southern slope - 77b; 
hoxaploid: Bratislava, hillsides between D evin and Karlova Vos cca 170 m - 50; Krupina, r ocks 
about 700 m northwards of KJ\azova h ora cca 450 m - 68; Hradova near Tisovec - 69 ; Hunga
ry - Nngy Szenas hill, southern slope, clolomit; Hungary -- Bfrkk, Szarvasko. 

Oh. rotumlUoliurn vV. et K.: High Tatras, Velicka dolina valley - 77b; High Tatras, path from 
K ezmarsld1 chata to Biela Voda - 77b; H. Tatras, Zelen6 p leso mountain lake under Brncalova 
chata - 77b; H. Tatras, Kvetnica - 77b; Babia hora, southern slope cca 1000 m -- 85; Nizke 
Polonin_v, on the frontier ridge between Durkovec and Rabia skala -- 88; Sweden - Botanical 
garden in U ppsala; USSR - Botanical garden in Kirovsk. 

Oh. corymbosnrn L. subsp. corymbosum : Chlum near Ml. Boleslav - 30; preserve in Kosmonosy 
11ear Ml. Boleslav - 30; Karlstejn, southern hillside of Doutnac - 43 ; DobHs, preserve near the 
1'.hatcau - 44; Biele Karpaty, Radejov, along the road from Murar1 to Ciganka - 63. 

Ch. corymbosum subsp. clusii (FISCH.) HAND.-MAzz. : High Tatras, path up to Brncalova chalet 
- 77b ; H. Tatras , the valley of Biela Voda - 77b; Bel. Tatry, Holubyho dill - 77c; Horne 
Povazie, Vysna Boca - 80a; Nizke Poloniny, the road between Durkovec and Rabia skala - 88. 
Ch. zawaclzlcii HEnn.: Pieniny, on the riverside of Dunajec from Cerveny Klastor t o Polish 
frontier - 78. 
Ch. serotinum L .: Latorica-Most, bottomland forest - 52; Botanical garden in Prague. 
Tanacetum vulgare L.: Komofony near Prague, on the riverside of Vltava - 43; Vlasim, the bank 
of Smikov-pond -- 24; a long the r oa(l from Dacice t o T ele - 26; Podlazky near Ml. Boleslav, 
at weir - 30; Veltrusy, around the lock -- 57; Litornysl, on the wall of cemetery - 27. 

G l oss ary of t e rms 

The achon.os of the in vostigatod species possoss several characteristic morphological features, 
readil y applicable to differentiating between individual genera and species. These features are not 
of equal usefulness for the de ermination of 1 he various taxa and hence are ordered from 
the more to t.he less important ones: 

35 





Ribs and carinae (shape and number; e.g. Fig. 15 - 26 and Fig. 13); riblike forms (low 
and nu.rrow bars of variable number - Fig. 6 - 9; wide and fiat bars in relatively constant num
ber -- Fig. 1 - 4); colouring of the achenes (the same in all parts of achene, Figs 1 - 9, 17, 
18, 25; different on ribs and borders, Fig. 15, 16, 19 -24); general shap e of the achene; 
border (absent - Fig. 1, 2, 4, 5, 21; partly present - Fig. 3, 10, 22; along the whole circum
fereuce of the achene - Fig. 6 - 9, 13, 14, 17 -20, 23, 24, 26); size of achenes; tip of the 
achene (flatly obtuse, Fig. 1, 6, 7; obliquely obtuse, Fig. 4, 11, 12); coronet, Fig. 5, 21 (shape, 
colour); structure of the pericarp surface (macrostructure, Fig. 13, 14, microstructure). 
The terms used in the key are taken over from DosTA.r, (1948 - 1950), such as rib, carina, bar, 
border, but in some cases I was compelled to introduce new designations as no satisfactory terms 
could be found in publications of a similar nature. Thus the word coronet is used for the residual 
nectary at the style base, or only for the residual style growing from the centre of the apical plate 
of tho achene (Fig. 3 - 5, 21). When viewing the achene from the side, the coronet is usually 
covered with the border (e.g. }_,ig. 23, 24). CvEJ,EV (1961) does not distinguish between the indi
vidual parts at the achene apex (i.e. border and coronet) and uses a summary term coronet for 
both. The term p e dun c 1 e is used for the conical structure at the base of the achenes in A nthemis 
arvensis (Fig. 1, 2), A. ru,thenica (Fig. 3, 4), A. cotula (Fig. 5) by means of which the achene is 
attached to the torus. The structure is characteristic for the above species by its shape. Cross 
rugosi ty of the surface refers to the structures difficult to define morphologically located at 
the achenes of Tripleurospermum maritimum (Fig. 13, 14) which is always oriented crosswise, 
is of different size and corrugated. The surface of the individual wrinkles is finely crenulated. In 
fully mature achenes the corrugation is very dark-brown or black. 

In the anatomy of the achenes of the above species one may distinguish constant diacritical 
characters concentrated in the pericarp (Fig. 29 - 41) , rarely in the testa (Fig. 34, 38). The seed 
lo b es of all species have a similar structure and they do not appear to possess a taxonomic 
importance. Along the circumference of the seed lobes (even at the sides adjacent to each other) 
a cross section will reveal a clearly discrete layer of square cells. At the inner side of both seed 
lobes there are ono or two layers of palisade cells underneath this layer. The remaining tissue of 
the seed lobes is formed by more or less oval or round cells, which are larger that the square cells 
of thA surface layer. The seed lobes are in clo8e contact with the endosperm (Fig. 27 - 40) 
formed in the tangential direction by elongated cells. The walls of these cells are strongly light
rcfracting and appear white in cross section. The cell content is dark-brown to brown-green, 
of granular structure. Similarly, the endosperm does not differ much from species to species.The 
testa is usually multi-layered (Fig. 35 - 40), in mature achenes the layer(s) nearer the endosperm 
are compress8d while in the layer adjacent to the pericarp the individual cells are clearly seen.2 
Tho pericarp is composed of several layers in all cases (Fig. 27 - 41) as is chamcteristic for the 
individual Rpccics. Its anatomy is in agreement with the morphology and structure of the achenes. 

When investigating the anatomy of the achenes of the studied species the following features 
were analyzod: distribution and app e arance of parenc h yrna in the pcricarp (single
layered - Fig. 40, multi -layered -- Fig. 37); distribution and appearance of sc l eJ"en
c hyma in the pericarp (oval braces of the lobes - l<ig. 37 - 39, palisade sclerenchyma -
Fig. 30 - 32, 39, multi - layerecl sclerenchyma - Fig. 27 - 29. 41, colouring ofcells); nurn ber and 
sha pe of secretory ducts in the pericarp (Fig. 32b, 3~~. :~5, 36); number of s lim e ce ll s 
in the pericarp (always only on the surface, Fig. 29, 34, 35, 38); form of tho cross section 
through the achene (number and shape of the lobes, general appearance); sizo and shape of 
epide rmal eel l :=.i; te s t.ft (appearance of its cells, shape, colour). 

2) It would be useful to study the structure of the endosperm and oft.he testa during onto. 
genetic development of the achenes as in mature achenes the structure may be unclear and the 
number of the individual layers cannot be determined accurately (particularly with Tanacetum 
vulgare). I intend to take up the problem using selected species. 

11'ig. 1 - 9: Anthemis arvensis L. - Fig. 1. Achene from the disk: a - view at the adaxial side 
of the achene, b - abaxial view, c -- lateral view. - Fig. 2. Achene from the ray: a - adaxial 
view, b - abaxial view, c - lateral view. - Anthemis ruthenica M. BIEB. - Fig. 3. The achene 
from the ray: a - adaxial view, b - abaxial view, c - lateral view. - Fig. 4. Achene from the 
disk: a - adaxiaJ view, b - abaxial view, c - lateral view. - Anthemis cotula L. - Fig. 5. 
Achene from the disk: a - adaxial view, b - abaxial view, c - lateral view. - Anthemis austriaca 
JACQ. - Fig. 6. Achene from the diRk: a - adaxial viow, b - abaxial view, c - lateral view. -
Fig. 7. Achene from the ray: a - aclaxial view, b - abaxial view, c - lateral view. - Anthemis 
tinctoria L. - Fig. 8. Achene from the disk: a - adaxial view, b - abaxial view, c - lateral 
viow. - Fig. 9. Achene from the ray: a - adaxial view, b -- abaxial view, c - lateral view. 
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For designating the individual layers and groups of cells of the pericarp and of other parts of 
achene, visible in the cross section, I use terms introduced into tho literature by NETOLITZKY 

(1926), KLAN (1947), Hon.vA·rr6 (1963), DosTAL and l•\ r:r.AK (1966), CERNOHORSK ¥ (l!:)67). 

Fig 10 - 14: ..Llfotricaria chamomilla L . - Fig. 10. Achenes from the ray, >; urvey of the variability 
in border form>;: a - lateral view.·, b - adaxial views. - Fig. ll. Achene from the llii:;k: a -
adaxial view, u - abaxial view, c, d - lateral views. - Matricaria discoid a DC. - Fig. 12. 
Achene from tho disk: a - adaxial view, b - abaxial view, c, d - lateral viows. -- Tripleuro
.<tpermum maritimum (L.) ScH. Bel'. - Fig 13. Achene from tho disk: a - adaxial view, L - au. 
axial view, o la.Loral view. - .F'ig. 14. Achene from the ray: a - ada ial view, b - abaxial view, 
c - lateral vi w. 

Statistical evalu ation of the species studie d 

The following list contains values of achene length and width, or of border 
and coronet length. When processing the measurementR I used the statistical 
mean i, the standard error Sx and standard deviation of the means (H1-wn Y 
and KONVIUKA, 1954). All values were indicated in mm. 

Fig. 15 -20: Chrysanthemum zawadzkii HERB. - Fig. 15. Achene from tho disk: a adaxial 
view, b, c - lateral views. - Fig. 16. Achene from the ray: a - adaxial view, b - abaxial view, 
c - lateral view. 
Chrysanthemum corymbosum L. s.l. - Fig. 17. Achene from the disk: a - adaxial view, b - ab
axial view, c - lateral view. - :F'ig. 18. Achene from the ray: a - adaxial view, b - abaxial 
view, c - lateral view. - Chrysanthemum alpinum L. - .!fig. 19. Achene from the <lisk: a - ad
e.xial view, b - abaxial view, c - lateral view. - Fig. 20. Achene from the ray: a - adaxial 
v iew, b - abaxial view, c - lateral view. 
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Anthemis tinctoria (300 achenes of the disk and ray flowers were measured): 
achenes from the disk length: x = 1.91 s;c = 0.07 

width: x = 0.75 s; = 0.005 
achenes from the ray length: x = 1.86 s; = 0.004 

width: x = 0.85 s;c = 0.004 

Anthemis austriaca (500 achenes from the disk and ray flowers): 
achenes from the disk length: x = 2.43 

width: x = 1.06 
length of border: X. = 0.40 

achenes from the ray length: x = 2.20 
width: x = 0.89 

length of border: x = 0.20 

Anthemis arvensis (500 achenes from the disk and ray flowers): 

achenes from the disk length: X. = 2.18 
width: x = 1.47 

achenes from the ray length: x = 1. 93 
width: x = 1.14 

Anthemis ruthenica (800 achenes from the disk and ray flowers): 

achenes from the disk length: x = 1.82 
width: x = 0.85 

achenes from the ray length: x = I. 74 
width: x = 0.66 

length of border: x = 0.18 

s; = 0.01 
s; = 0.006 
s; = 0.005 
s; = 0.006 
s; = 0.005 
s; = 0.003 

s~ = 0.008 
s;- = 0.014 
sx- = 0.008 
Sx = 0.009 

s; = 0.006 
s; = 0.004 
s; = 0.005 
s; = 0.003 
sx· = 0.002 

s = 1.29 
s = 0.09 
s = 0.08 
s = 0.08 

s = 0.24 
s = 0.14 
s = 0.13 
s = 0.14 
s = 0.12 
s = 0.07 

s = 0.19 
s = 0.32 
s = 0.19 
8 = 0.20 

s = 0.19 
s = 0.13 
B = 0.15 
s = 0.10 
s = 0.07 

Anthemis cotula (500 achenes from the disk, no achenes are developed from the ray flowers in this 
species): 

achenes from the disk - length : 
width: 

x = 1.53 
x = 0.60 

Matricaria chamomilla (500 achenes from the disk):3) 

achenes from the disk length: x = 1.00 
width: x = 0.37 

Matricaria discoidea (500 achenes from the disk): 

length : x = 1.27 
width: x = 0.47 

s~- = 0.005 
s~ = 0.003 

s; = 0.004 
s; = 0.002 

s; = 0.005 
Bx-= 0.003 

Tripleurospermum maritimum (600 achenes from the disk and ray flowers): 

achenes from the disk length: x = 1.99 s; = 0.09 
width: x = 0.92 s; = 0.006 

length of border: x = 0.23 s; = 0.003 
achenes from the ray length: x = 1.86 s; = 0.009 

width: x = 0.87 s ~ = 0.009 
length of border: x = 0.29 s; = 0.003 

Chrysanthemum alpinum (700 achenes from the disk and ray flowers): 

achenes from the disk length: :X = 3.02 s; = 0.01 
width: x = 0.77 s; = 0.003 

length of border: x = 0.60 s; = 0.006 
achenes from the ray length: x = 3.62 s; = 0.02 

width: x =-cc 0. 78 s; = 0.004 
length of border : x = 1.00 s; = 0.01 

8 = 0.12 
8 = 0.06 

s = 0.09 
s = 0.05 

s = 0.11 
s = 0.06 

8 = 0.22 
s = 0.15 
s = 0.07 
s = 0.23 
s = 0.22 
s = 0.09 

s = 0.32 
8 = 0.08 
s = 0.17 
s = 0.55 
s = 0.11 
8 = 0.30 

3) Few ray achenes are developed in this species. If they have no border their size is more 
or less the same as that of disk achenes while the types with a border (Fig. IOa, b) are usually 
smaller than those from the disk. 
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Chrysanthemum leucanthemum s.l. (1700 aohenos from the disk and ray):4) 

achenes from the disk length: x = 2.29 s; = 0.008 
width: x = 0. 73 s; = 0.002 

length of coronet: x = 0.22 s; = 0.001 
achenes from the ray length: x = 2.46 s; = 0.015 

width: x = 0. 78 s; = 0.003 
length of border: x = 0.57 s; = 0.008 

s = 0.34 
s = 0.09 
s = 0.06 
s = 0.63 
s = 0.12 
s = 0.36 

Diploid taxon of Chrysanthemum leucanthemum (500 achenes from disk and ray flowers ): 

achenes from the disk length: x = 2.11 s; = 0.01 s = 0.23 
achenes from the ray length: x = 2.09 s; = 0.02 s = 0.36 

Tetraploid taxon of Oh. leitcanthemum (700 achenes from disk and ray): 

achenes from the disk length: x = 2.18 s;_ = 0.009 
achenes from the ray length: x = 2.13 s; = 0.012 

hexaploid taxon (500 achenes from the disk and ray flowers): 

achenes from the disk length: x = 2.62 
achenes from the ray length: x = 3.32 

s; = 0.013 
s; = 0.02 

s = 0.26 
s = 0.33 

s = 0.29 
8 = 0.45 

The problems of the mutual relationships between the diploid, tetraploid aml hexaploid taxa 
within Chrysanthemum leu canthemum were taken up by ZELEN Y (1969 ms.). 

Chrysanthemum rotundijolium (800 achenes from the disk and ray fl owers): 

achenes from the disk length : x = 3.14 s; = 0.01 
width: x = 0. 70 s; = 0.004 

length of border: x = 0.66 s; = 0.008 
achenes from the ray length: x = 3.44 s;_ = 0.01 

width: x = 0.71 s; = 0.004 
length of border: x = 1.14 s~ = 0.009 

Chrysanthemum corymbosum subsp. corymbosum (500 achenes): 

achenes from the disk length: :X = 3.40 
width: x = 0.75 

length of border: x = 0.66 
achenes from the ray length: x = 3.56 

width: x = 0.82 
length of border: :X = 0.68 

Oh. corymbosum suusp. clusi i (500 achenes from the disk and ray): 

s; = 0.01 
s; = 0.003 
R;_ = 0.007 
s; = 0.015 
s; = 0.004 
s; = 0.005 

achenes from the disk length: x = 3.68 s; = 0.01 5 
width: x = 0.75 s; = 0.003 

length of border: x = 0.77 s; = 0.007 
achenes from the ray length: x = 3.67 s; = 0.02 

width: x = 0.88 s; = 0.005 
longth of border: x = 0.87 s; == 0.009 

Chrysanthemum zawadzkii ( 400 achenes from the disk and ray flowers ): 

achenes from the disk length: x = 2.14 s; = 0.008 
width: x = 0.67 s; = 0.005 

achenes from the ray length: x = 1.85 s; =" 0.009 
width : x = 0.61 s; = 0.006 

s = 0.39 
s = 0.11 
s = 0.25 
s = 0.36 
s = 0.13 
s = 0.28 

s = 0 .24 
s = 0.07 
s = 0.15 
s = 0.33 
s = 0 .00 
s = 0.13 

s = 0.34 
s = 0.07 
s = 0.17 
s = 0.40 
s = 0.12 
s = 0.20 

s = 0.17 
s = 0.10 
s = 0.18 
s = 0.12 

4 ) The indiv idual taxons within the species Chrysanthemum leucanthem um differ from one 
another in particular in the length of the achenes (differences in the achene width, length of the 
coronet or border are insignificant). The difference is clearly visible between a diploid and a hexa
ploid taxon or between a tetra- and hexaploid taxon while between the diploid and t etraploid 
t axon only an insignificant difforence exists. The results of measurement are shown in the following 
r aview: 
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Chrysanthemum serotinum (1000 achenes from the disk, no achenes are developed from the ray 
flowers in this species): 

length: 
width: 

length of border: 
number of ribs on the achenes: 

x = 2.55 
x = 0.85 
x = 0.20 
x = 8.04 

Tanacetum vulgare (600 achenes from the disk flowers): 

length: x = 1. 78 
width: x = 0.80 

length of border: x = 0.22 

Discussion 

s~ = 0.01 
s;z = 0.003 
s; = 0.002 
s; = 0.02 

s; = 0.005 
s; = 0.003 
s;z = 0.001 

s = 0.32 
s = 0.09 
s = 0.06 
s = 0.73 

s = 0.14 
s = 0.08 
s = 0.04 

It was found by a detailed investigation of achenes of the selected specieR 
that various features of morphology and anatomy possess different stability 
and hence are of different taxonomic importance. In view of these facts it was 
essential to determine for the individual species the truly constant and 
characteristic features of taxonomic importance. 

In the following paragraphs I shall deal in sequence with the significance 
of the individual characters from the point of view of their stability and im
portance. The size of achenes of the various species is not a reliable dis
tinguishing character. The range of size variability, in particular of achene 
length is rather wide for most species so that the limiting values of size of 
individual species often overlap. The size of achenes can thus serve only as 
one of the distinguishing features completing the overall character of the 
achene but it cannot be taken as a principal distinguishing feature. The only 
exception here is the achene of Matricaria chamomilla (Fig. 10, 11) which, 
by its minute size, permits differentiation from all other species. The achene 
length can serve partly as one of the characters applicable for differentiating 
between taxa of Chrysanthemum leiwanthemum (see the statistical treatment). 
The ribs and carinae are a more or less diacritical feature of achenes of 
the species studied, most of all of the disk flowers where the variability of the 
number of these forms is rather low (up to 10%), like its range (most often 
± 1 rib). The number of ribs on achenes from the ray displays a far greater 
variability than those of the disk even with species containingaconstantnumber 
of ribs. Likewise, the shape of the ribs and their planar arrangement on ache
nes does not vary much and can thus serve as a distinguishing feature. The 
flat wide bars occurring in a relatively constant number (10) on the 
achenes of Anthemis arven.c;is (Fig. 1, 2) and A. ruthenica (Fig. 3, 4) also 
represent a fine diacritical feature. The bars are separated only by narrow deep 
grooves which rumally do not follow the entire length of the achene. Sometimes, 
the grooves are branched and form notches in the bars, this complicating their 
counting. The appearance of ribs and bars is associated with the colour of 
achenes. The colour changes with the degree o'f maturity but still it repre
sents a satisfactory diacritical feature for the imlividual species. A prerequisite 
here is well developed and ripe material. 

A characteristic and stable feature of all species is the conformation of the 
apical part of the achene, in particular its shape, or the slope of the terminal 
plane, the shape and size of the coronet and the consistency and height of the 
border. The height of the border serves for differentiating between 
achenes of the ray and of the disk flowers, the border of the former being 
generally much longer (Fig. 19, 20, 23, 24). In Chrysanthem'um leucanthemum 
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the border is developed only on the ray achenes (Fig . 2~), the achenes of the 
disk having no border (Fig. 21), as achenes of the disk and ray flowers of 
A nthernis arvensis (Fig. 1, 2) and those of the disk of A. cotula (Fig. 5), 
.A. ruthenica (Fig. 4) and Matricaria chamomilla (Fig . 11) .5 ) The border colour 

23 -: .. \ a 

Fig. 21 - 24 : Chrysanthemu m leucanthernum L . s .l. - Fig . 21. Achene from the disk: a - adaxia l 
view, b - a.baxial view, c - lateral view. - Fig. 22. Achene from the ray : a - adax ia l view, 
b - a ba.xial view, c - lateral view. - Chrysanthemu m rotundifolium W. et K . - Fig. 23. Ach ene 
from th e disk: a - adax ial view, b - abax ial view, c - lateral view. - Fig . 24. Achene from 
t.he ray : a - adax ial v iew. b - abax ial view, c - lateral v iew. 

is always th same as that of the ribs. In mature achenes of the disk and 
of the ray of Chrysanthemum rotundifolium CB ig. 23, 24) and Oh. alpinum 
(Eig. 19, 20) the border edge is dark brown (as if scorched). Even this colour 
can serve in the above species as an auxiliary diacritical fcaturP as it is stable 
[tnd characteristic for b0th species. 

5) Achenes of tho ray of Matricaria chamomilla display great variability in the conformaLion 
of the one-sided, tattered, membraueous border (Fig. lOa, b) . Most often, h owever, the border 
is complet ely absent in these achenes (Fig. lOa, b - 1 st t ypo) or forms only a sh ort narrow end 
at the adaxial side (2nd t y po). Occasionally, the border can be longer than the achene itself, very 
narrow, separated into 2 - 3 sharp ends at the apex (Fig. lOa, b - 6th and 7th type) . 
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Shape, co lour an d site of the coronet show low variability but their 
taxonomic importance is negligible as the coronets of the individual species 
are shaped very similarly and, when viewed from the side, are usually covered 
with the border. An exception is formed here by the achenes of the disk of 
Chrysanthemum leucanthemum (Fig. 21) which is strikingly yellow-orange, 
cylindrical and not covered by the border so that it h lps in distinguishing 
this species. 

The s urface micro s tructure of the pericarp, in spite of its relative 
stability, can be used for species differentiation only in connection with 
other clearer characters of the achene morphology . 

1mm 

• . ..:; 

25 

Fig. 25-26: Chrysanthemum serotinum L. - Fig. 25. Ach ene from the disk: a - adaxial view, 
b - abaxial view, c - lateral v iew. - Tanacetum vulgrire L. - Fig. 26. chene from the disk: 
a. - ada.xial view, b - abaxial view, c - lateral view. 

The last , even if not n glig ible, character is the general shape of the ache
nes. Thi8 is a very stable character and charact erizes the individual specieH 
o that it has a considerable t axonomic importance. 

In general it may be said that most of the stable characters mentioned in this chapter have 
their significance particularly for difff'rentiating between species of a single genus. Jn Rpite of 
this, h owev r, it was posRible to app ly t.hese ch aracters to assembling a key to genera. E.g., 
the achenes of Anthemi8 (Fig. 1 - 9) are markedly differentiated from other genera by the absence 
of ribs (compare with t h e explanation of the morphological terms used h ero). Likewise, the achenes 
of other genera differ from one another. 

A second pronounced group of characters with taxonomj c signifi cance is 
the group of stable diacritical characters of internal morphology oft he achene 
pericarp. Perhaps th most striking and v ry stable character of this type 
occurring in some species is the presence of large seer tory du cts in the 
pericarp (Fig. 32b, 33, 35, 36). The t axonomic value of the ducts js given by 
-their shape and number. The shape is a stable quantity, the number more or 
less stable but sometimes it exhibits slight variation, in common with the 
number of ribs with which it is directly associated. The same taxonomic 
value as the secretory du cts is possessed by the slime cells (cellulae muci
laginiferae, H oRVATIC , I.e .; Fig. 29, 34, 35, 38). On a cross section of the 
achene th cells are placed ither at the apices of the pericarp lobes (formed 
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by ribs, Fig. 35) or along the whole section circumference (Fig. 29, 3S). Their 
shape and localization are stable for a given species. 6) 

Another important character of taxonomic significance is the appearance, 
amo unt and distribution of the sclerenchyma and parenchyma in the achene 
pericarp. The distribution of the individual layers is very stable and character
istic for the species. Somewhat more variable is the thickness of the individual 
layers. In achenes, the lobes of which are formed in cross section by scleren
chyma at their circumference and by parenchyma inside (Fig. 35, 36), the 
ratio of the two tissue types changing in favour of sclerenchyma with age. 
However, the lobes never become completely sclerenchymatic. 

The size and shape of epidermal cells is a character which is more or less 
stable for various species but its taxonomic significance is minimal. The 
differences between species are too 8mall to be of practical importance. An 
exception is formed by the striking epidermis of Chrysanthemum leucanthemum 
(Fig. 35), the cells of which are largest in the grooves between lobes and 
decrease gradually toward the pericarp apices terminated with a slime cell. 

A stable and typical character observable in cross sections through 
achenes is :-11so their outline, or the shape of its individual lobes in section 
with a lobular margin. This character is of taxonomic importance for all the 
studied species, with the exception of Anthemis arvensis (Fig . 27) and A. ruthe
nica (Fig. 28) where the general shape of the section is the same in both spe
cies and the depth of pericarp lobularity as well as the shape of the lobes 
vary. For differentiating between the two species one may use the size of the 
cross section through their achenes (sections through the achenes of A. arven
sis are much larger). 

All the heretofore named characters of achene anatomy concerned the 
pericarp. It is thus necessary to characterize the features of the testa, the 
endosperm and the seed lobes. The seed lobes do not appear to have any 
taxonomic importance for any of the species studied. They have a character
istic structure (see above) but the structure does not practically differ from 
species to species. Likewise, the diacritical significance of the endosperm is 
not great for similar reasons. The taxonomical significance of the testa is also 
not outstanding. 7) 

In follows from the above review of the stability and significance of the 
diacritical characters of achene morphology and anatomy that the taxonomic 
importance of the individual characters consist in their confrontation with 
other characters. The species cannot be determined on the basis of a single 
character viewed out of context with the whole. 

6) The number of slime cells is constant only in Chrysanthemum leucanthemum (Fig. 35) 
where it forms the apical cell of each lobe (section through the rib) and is h ence equal to the 
number of ribs (10). In the other three species, the pericarp of which contains slime cells, the 
number is variable. In Ch. zawadzkii it is 10 - 20 (Fig. 38), in Anthemis cotula most often 10 
(Fig. 29) and in Matricaria chamomilla (Fig. 34) there are 5 on the lobe apices at the adaxial and 5 
(or more ) on the abaxial side. BRIQUET (1916) mentions slime cells in the epidermis of Anthemis 
arvensis (Fig. 27) but I could not confirm their existence in this species. 

7 ) In the genus Chrysanthemum (Fig . 35 - 40) the tosta is always composed of several layers 
even at complete maturity of the achenes. The cells of the outer layer arc clearly marked, the 
internal layers are usually compressed and the individual cells are not distinguishable. In Ch. sero
tfriurn (Fig. 37) and Ch. zawaclzkii (Fig. 38) the cellular layer of the testa is always dark brown, 
probably filled with a secretion and apparently accounts for the brown-red colour of the achenes 
of Ch. zawadzlcii (Fig. 15, 16). The testa of the other genera usually shows a simpler structure and 
is insignificant from the taxonomic point of view. 
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Fig. 27 - 31: Cross sections in the middle part of the achene. - Fig. 27. A nthemis arvensis L. 
Fig. 28. A. ruthenica M. Bum . - Fig. 29. A. cotula. L. - Fig. 30. A. tinctoria L. - Fig. 31. A. aus
triaca JACQ. 
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Ca.rpological studies concerning at least some of the species of the tribe A nthemideae are rather 
infrequent. I should perhaps mention the work of BRIQUET (Le.) and B ERTSCH (1941), the first 
of which deals with the anatomy of achenes of A n themis, Ormenis and 8antolina ·while the second 
concerns the morphology of achenes of some genera of the tribe Anthernideae. In the paper of 
BERTSCH (I.e.) a key is l r sented to the genera and to the species according to achones. The work 
contains data on representatives of most monocotyledonous an<l rli cotyledonous plants occurring 

Fig. 32 - 34: Tripteurospermum maritimum (L.) ScH. B1P. - · :Fig. 32a. 
Cross section in the middle part of the achene. - Fig. ~~2b. Cross 
section in the upper third of the achene (in the spot of tho ecretory 
reservoirs ). - Fig. 33. Matricaria discoidea DC. - cross section 
in the middle part of the achene. - Fig. 34. Matricaria chamo
milla L. - cross section in the middle part of the achene. 

in this country. The principal diacritical character used is the size of fruits and their hairs, parti
cularly the first of these being not suitable for the present tribe. R ecently, another papor of 
a similar nature by SCHERMANN ( 1967) appeared, it being more detailed than the work of BERTSCH 
(l.c.). The work contains a key t o plants according to the structure of their fruits, each of the spe
cies having a short description of the fruit and its picture . Some pictures and d~scriptions (e.g. 
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Tanacetum vulgare , Chrysanthemum serotinum, Matricaria discoidea) are at variance with my own 
observations and with data in the literature. HoRVATI6 (I.e .) studied the anatomy of achenes 
of Chrysanthemum leucanthemum and Oh. rotundifolium. He pointed to the substantial differences 
in their structure. On the basis of this work I decided to study systematically the anatomy of the 

Fig. 35 - 40: Cross sections in the middle part of the achonos. - Fig. 35. Chrysanthemum leucan· 
themum L. s .1. - Fig . :~6. Oh. rotundifolium W. e t K. - Fig. 37. Oh. serotinum L. - Fig. 38. Oh. 
zawadzkii HEHB. - Fig . 39. Oh. corymbosum L. s.l. - Fig. 40. Oh. alpinum L . 
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achenes of the tribe Anthemideae. I s ucceeded in findin g stable diacritical characters in the indi
vidual spec ies that can be u sed for their detormination. It is of interest that VoftiSEK (1951) in his 
cu rpological s tudy of Czechoslovak species of the gouus Centaurea doos n ot mention any differences 
in the anatomy of their achenes. Somo aspects of the anatomy and morphology of achenes of 
some species of the tribe Anthemideae were taken up b y C1mNA. (1957) in h or thesis . The thesis 
cent rs ou t he ecology of the plants studied. Tho part devoted to carpology conLains inaccuracies 
(e. g. 0rronoo 11 s des ignation of the individual layers on the cross section through the achene, 
wrong numbers of ribs in the a ch enes of some sp ecies). 

ln most of the papers having to <lo with the achenes of the tribe Anthe
rnideae, the authors do not differentiate between the ray Hower a.nd the d isk 
Hower achenes; e.g. BmtJU.ET and CAVILLIER (1916) , HEGI (1918, 1929), DEYL 
( L!)5G), CvELEV ( I HGJ), DoBROUHOTOV 

(!UG I) , PAVLOV (1966). One can thus easily 
incur a,n error during the det ermination 
as the achenes of the two types of flowers 
differ usually quite markcdJy. A common 
error found in these papers is also the 
incorrect number of ribs at the achenes 
of M atricaria chamomilla (mostly 3 in
Rtcad of 5) and of llf. discoidea ( 3 j nst ead 
of+). ln the las t -named species no noti ce 
iR made of the two secretory ducts running 
along the entire length of the achene. The 
ducts are covered only with the epidermis 
a nd are filled with a red-brown secretion. 
The colour of the secretion shines through 
the single-layered epidermis so that the Fig. 41: Tanacetum vulgarc L. _ cross 
ducts appear a8 two distinct bands bon- section in tho middle part of tho achone. 

dcring the outer edge of both end ribs. 
Hence they arc a first -class diacritical character for this species. 

HITIOI (J.918) published schematic representations of cross sections through 
achenes of Anthemis arvensis, A. tinctoria and A. cotula. The schemes of the 
first two species arc correct, that of the cross section through the achene 
of A . cot11la is erroneous both in the overall shape of the section and in the 
re presentation of the individual tiss ues. The outline of the cross section 
through the achene of A. cotula (Fig. 29) is roughly circular rather than rhom
boid as mentioned in the paper. I shou ld like at this place to mention the 
specific stru cture of parenchymatic cells in the achenes of A. arvensis. The 
walls of these cells are clearly thickened in bordered pits (colon appearance). 
This peculiarity was observed in the same species by BRIQUET (I.e.). HmECHE 
(1937) found an analogous structure of cell walls in some north African 
species of the genus L eontodon . 

Within the genus Chrysanthemum L. a special pos ition is occupied by Oh. se
rotinum. It is typical by its unusual number of ribs and by their shape (the 
ribs arc prominent, do not pass into a membraneous border at the apex of the 
achene). In the other studied species of the genus Chrysanthemum th usual 
considerably constant number of ribs is 5 or 10. In Oh. serotinum the most 
co mmon number is 8 and 7 (in wild-growing flowers as well as in those from 
the Botanical garden). The specific anatomy of the achenes of this species (and 
finally also th other haracters of the whole plant) set s it apart from the 
other representatives of the genus Chrysanthemitm s.l. in the Czechoslovak 

·flora. 
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In spite of a detailed study of the structure of achenes of Chrysanthemum 
corymbosum subsp. corymbosum as well as Oh. corymbosum ssp. clusii, the two 
subspecies are included in the key under one heading as the differences ob
served in the size of the individual parts of the achene (if they exist at all) are 
insignificant (see statististical evaluation) and those in the anatomy of ache
nes are nonexistent. The same view is taken by BrJOK (1955). The subspecies 
(considered as species by some authors) differ in the characters mentioned in 
the keys, in particular in the number of chromosomes (Oh. corymbosum subsp. 
corymbosum has n = 18, subsp. clus1',i h as n = 9). Likewise, all the three taxa 
(diploid, tetraploid, hexaploid) of Oh. leucanthemum are included under Oh. 
leucanthemum L. s.l. since no differences in the anatomy or morphology of the 
achenes of the individual taxa have been found. Differences in size are men
tioned in the section of statistical evaluation. 

Key to the Genera Based on Achene Morphology 
la Achenes without ribs, with at most 9 narrow longitudinal grooves or with 2 lateral carinae 

and several bars of the same colour and structure as the other parts of t.he achene . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . Anthem is L. (Fig. 1 - 9) 

lb Achenes clearly ribbed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
2a On the adaxial side of achenes, 3 powerful ribs (carinae), on the abaxial side cross wrinkles 

and, beneath the border, 2 small oval planes . . . . Tripleurospermum Sen. BrP. (Fig. 13, 14) 
2b Number of ribs greather than 3 . . . . . . . . . . . . . . . . . . . . . . . . . 3 
3a Achenes compressed laterally, with 4 - 5 ribs only on the adaxial side ......... . 

. . • . . . . . . . . , . . . . . . . . . . . . . . . . Matricaria L. (Fig. 10 - 12) 
3b Achenes with ribs along the entire circumference; if they are adaxioabaxially compressed 

the ribs are only on the adaxial side of the achene ( = achenes from the ray) . . . . . 4 
4a L ength of achenes is at least three times their width . . Chrysanthemum L. (Fig. 15 - 25) 
4b Length of achenes is at most twice their width . . . . . . . . . . . Tanacetum L. (F. 26) 

Key to Species Based on Achene Morphology 
Anthemis L. (Fig. 1- 9) 

la Achenes with ± 10 not too clearly marked, flat bars, separated by 9 narrow grooves . 2 
lb Achenes without wide bars and grooves, or with two lateral carinae an<l several low narrow 

bars. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
2a Width of achenes from disk and ray at the widest point is 2/3 - 4/ 5 of length, border is 

absent, upper edge of achenes flatly obtuse, peduncle as a wide cone, achenes from the ray 
the same but generally smaller . . . . . . . . . . . . . . . . A. arvensis L. (Fig. 1, 2) 

2b ·width of achenes from the disk at most 1/2 of length; of achenes from ray at most 1/3 of 
length; achenes from disk without border, upper edge oblique , higher at the aclaxial side of 
achene, peduncle narrowly conical . . . . . . . . . . A. ruthenica M. BrnB. (Fig. 3, 4) 

3a. Achenes from disk turbinate , tuberculate at the surface, with indistinct bars, without 
border, coronet distinct, achenes from ray not developed . . . . . . A . cotula L. (Fig. 5) 

3b Achenes from disk and from ray without tubercles, smooth, or with several little prominent 
bars of the same colour and structure as the whole achene, adaxio-abaxially compressed, 
coronet covered with border . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

4a Achenes from di sk and from ray heavily comprosRcd, with wedge-shaped attenuation, achenes 
from disk ± rhombic in cross section with 2 sharp lateral carinae over which the border 
protrudes into pointed ends; achenes from ray flatter, border more clearly developed on 
the adaxial side . . . . . . . . . . . . . . . . . . .. A. austriaca JACQ. (Fig. 6, 7) 

4b Achenes less compressed than above, less narrowed toward the base, the border in disk 
achenes highest in the median of the ad axial side, not pointed in two ends; achenes from ray 
flatter, border indistinct . . . . . . . . . . . . . . . . . A. tinctoria L. (Fig. 8, 9) 

Matricaria L. (Fig. 10- 12) 

la Achenes from disk with ± 4 ribs on the ad axial side, ribs lighter than the principal achene 
colour, both marginal ribs bordered externally with a narrow red-brown stripe corresponding 
to the secretory ducts; no flowers on the ray . . . . . . . M . discoidea DC. (Fig. 12) 
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lb Achenes from diRk an<l ray with 5 ribs on the adaxial side, without red -brown stripes, 
achenes from the disk without border, achenes from the ray sometimes with a long membra
neous border on the adaxial side . . . . . . ... M. chamomilla L. (Fig. 10, ll) 

Tripleurospermum ScH. BIP. (Fig. 13, 14) 
Achenes with 3 rnaBsive carinae (2lateral, one in the axi s of the ad axial side}, border collar-like, 
on the abaxial side, 2 small oval brown -red planes underneath the border; achenA surf"ace 
(except for carinae) cross-rugose, darker than the carinae; achenes from the ray often smaller, 
cross wrinkling less dense, lighter and flatter . . . T. maritimum (L.) SCJL Bir. (Fig . 13, 14) 

Chrysanthemum L. (Fig. 15-25) 
la 5 ribs on achene . . . . . . . . . . . - . . . . . . - . . - . . . . . . . . . 2 
lb More than five ribs on achene . - .... - . . . . . . . . . . . . . . 4 
2a B order very small or absent; if present, somewhat higher on tho abaxial sido of the achene, 

hnsic colour of achenes red -brown, border and ribs very light (almost white), achenes from 
di ;.;k laterally compressed, ribs along the whole circumference; achenes from ray adaxio
abaxially compressed, all 5 ribs shifted to adaxial side . . Ch. zawadzlcii H:rm.B. (Fig. 15, lG) 

2b Border well developed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
3a Ach enes brown, border and ribs without colour distinction, achen0,; from disk with ribH 

a lo11g the whole circumference, ribR of achenes from ray shifted to the adaxial side which 
is concave when viewed from the side ... .... . Ch. corymbosum L. s. l. (Fig. 17, 18) 

3b Achenes silvery gray. ribs lighter than underlying surface, upper edge of border dark brow
nish, achenes from ray larger than those from disk, the ir border amounting to as much 
as 1/2 total achene len gth ......... .... . .. Ch. alpimtm L . (Fig. 19, 20) 

4a Mmit often 8 (6 ~ 9) ribs , achenes ± cylindrical, border low, achenes light, ribs of the same 
colour, achenes from ray rudimentary or undeveloperl . . . . Ch. serotinum L. (Fig. 25) 

4b 10 ribs. . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . 5 
5a Achenes ± 3 times longer than wide, elongately obovoid, achenes from ray adaxio-abaxially 

compressed, both achenes with snrfacc containing narrow, h eavily prominent, glossy yellow. 
ish or white ribs , separated by wider red-brown or bro" n -black grooves, achenes strikingly 
longitudinally striped; achenes from disk wit,hout border with a bright -yellow coronet, ache
nes from ray with irregular tatter ed b order, most outstanding at the ad axial side . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . Ch. leucanthem.um L. s.l. (Fig. 21, 22) 

5b Achen es 4 -· 5 times longer than wide, ± cylindrical, narrowed toward the hase, the surface 
with wide, little prominen1; glossy, straw-coloured ribs, separated by narrow red-brown 
grooves, achenes less markedly longitudinally striped; achenes from disk and ray with 
irregular tattered and at the odge browned border along the whole achene circumference, 
coronet n ot cfo;tinct, achenes from ray adaxio-abaxially corn• ressed , bent . 
. . . . . . . . . ... .. ... Ch. rotm1clifolium W. et K. (Fig. 23, 24) 

Tanaceturn L . (Fig. 26) 
light achenes, ± obovoid, with 5 ribs lighter than basic colour of achenes, border finely 
crerrnted at the edge . . . . . . . . . . . . . . . . T. vulgare L. (Fig. 26) 

Key to 8pecies Based on Achene Anatomy 

Anthemis L . (Fig. 27- 31) 
la Cross section oval to round, part of p ericarp formed by multilayered sclerenchymatic ring 

uninterrupted by multicellular sclerenchymatic braces . . . . . . . . . . . . . 2 
lb Cross section ellipsoid, with apices elongated into triangular lobes with an rounded tip, 

part of pericarp form ed by singlelayered pali sade sclerenchyma, interrupted by multi
cellu lar sclerenchyrnatic braces . . . . . . . . . . . . . . . . . . . . . . . . . 3 

2a Cross section ± circular, poricarp undivided, formed only by the epidermis wit.b several 
slime cells and by a multilayored continuouR scler enchymatic ring . . . A. cotula L . (Fig. 29) 

2b Cross section oval to circular, p ericarp lobular, underneath the epidermis a multilayered 
paren chymatic tissue, tho rectangular cells of which are radially oriented; under the paren· 
chyma there is a thick sclerenchymatic ring with 10 triangular ends, the tips of which point 
to the notches between pericarp lobes . . . . . . . . . . . . . A. arvensis L . (Fig.27) 
. . . . . . . . . . . . . . . . . . . . . . . . . A. ruthenica M. BIEB. (Fig. 28) 

3a Under the epidermis, a single-layered white palisade sclerenchyma, cell lumina minute, 
:1= oval, located near cell centre ............. A. austriaca JACQ. (Fig. 31) 

3b Under the epidermis, a single-layered yellow palisade sclerenchyma, cell lumina ± trian
gular, placed at the adaxial side of cell . . . . . . . _ . . . . . A. tinctoria L. (Fig. 30) 
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M atricaria L. (Fig. 33, 34) 
la Cross section ± oval, pericarp along the whole circumference single - layered, on the adaxial 

side generally with 4 little prominent lobes formed by parenchyma with sclerenchymatio 
brace in the lobe center; 2 red-brown secretory ducts adjacent to the marginal lobes . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . M. discoidea DC. (Fig . 33) 

lb Cross section widely ellipsoid, pericarp formed by epidermis with several slime cells at the 
c ircumforence, on the adaxial side usually 5 lobes of paren ch ymatic tissue with scleren
chymatic brace and a slime cell at the top, n o secretary ducts . . M . chamorni lla L . (Fig. 34) 

Tripleurosp ermum ScH. BIP. (Fig. 32a, b) 
Cross section distinctly three-endod, lobes (ends) formed by paronch y rna, connected by 
a layer of radially oriented yellow sclerenchymatic cells; in section through the upper part 
of the achene the abaxial side shows two ± semicirc ular sccretory r eservoirs, pressed by 
their flat side to the epidermi R . . . . . . . . . T. rnaritimum (L .) ScH. Bu·. (Fig. 32a, b) 

Chrysanthemum L. (Fig. 35- 40) 

la Achenes with 10 largo secretory ducts . . . . . . . . . . . . . . . . . . . . . . 2 
lb Achenes without secretory duct s . . . . . . . . . . . . . . . . . . . . . . . . 3 
2a Secretory ducts round in cross section, p ericarp with shallow lobes , lobes broauly semicircular, 

epidermal cells minute . . . . . . . . . . . . . . Oh. rotundifolium W. e t K. (Fig. 3G) 
2b Secretory ducts narrowly oval, elongated, p eri carp with d eep lobes, lobes ± triangular, 

epidermal cells between lobes are large, decreasing in size t oward the apices . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . Oh. leucanthemurn L. s .l. (Fig. 35) 

3a On t h e section p eriphery 10 - 20 slime cells . . . . . . . . Oh. zawadzkii HElrn. (Fig. 38) 
3b Achenes without, slime cells at periphery . . . . . . . . . . . . . . . . . . . . . 4 
4a P ericarp scleren ch y matic; shallow lobular, usually with 5 lobes, under epiclormis s ingle. 

layered palisade scle renchyma, in each lobe a round sclerenchymatic brace . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . Ch. corymbosurn L. s .l. (Fig. 39) 

4b P ericarp parenchy matic . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
5a Cross section ± p entagonal, p ericarp under epidermis with 1 layer of large parenchymatic 

cells, along the periphery 5 wide little prominent lobes with a small multilayered scleren-
ch ymatic brace in the centre, pericarp secondarily separated from the testa . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Ch. alpinum L. (Fig. 40) 

5b Cross section ± broadly ellipsoid, p oricarp with 8 (6 - 9) J: semicircular lobes, braced in the 
centre with sclerenchyma, the parenchy ma of the pericarp multilayered even between lobes, 
pericarp adhering to the wall . . . . . . . . . . . . . . . Oh . .'lerotinum L. (Fig. 37) 

Tanacetum L. (Fig. 41) 

Cross section ± circular, with 5 small lobes at the peripher y , pericarp under epidermis 
sclerenchy matic, multi-layered; t.esta, endosperm and seed lobes reaching usually to the 
achene base and are absent in the section . . . . . . . . . . . . T . vulgare L. (Fig. 41) 

Summary 

It was found that the achenes of all the studied Czechoslovakian sp ecies of the tribe Anthe
m ideae CASS. possess diacrit ical features. The features are so stable and characteristic for the 
individual species (or even gen era) that a key to the determination of the taxons could be designed 
on their basis. 

The p resent study contains a k ey to the genera based on the a ch ene morphology. No key 
could be a sse mbled on the basis of their anatomy, there being no diacritical specific features 
b etween the various genera. 

This is followed by a k ey to the determination of species based on their morphology and one 
based on their anatomy. Both k eys are intentionally n ot combined. The resulting effect of both 
keys is the same but, from a practical point of vi ew, the k ey based on m orphology is preferable. 

Souhrn 

Zjisti la jsem, :le na nazkach vsech s tudovanych cesk osloven sk.f'ch druhu tribus Anthernideae 
CASS. existujf roz lisovacf znaky. J Rou to znaky natolik st i le a pro jednotlive druhy (popf. rody ) 
ch a r akteristick e , fo so mi podai"ilo na jej ich zaklade sestavit klic k urcenf studovanych taxorni. 

Ve studii je na prvem mfste uvcden klic k urceni studovanych rodt".1, sestaveny pouze na 
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z{tklade znaku vnejsi morfologie na:lek. Nepodarilo semi sestavit klic podle znaku vnitfoi morfo
logick6 stavby nafok, proto:le jsem nenalezla spooificke diakriticke znaky mezi jednotlivymi rody. 

Dale nasloduje klic k ureeni druhu podle vnejsich morfologickych znaku nazek. Poslednim 
oddilem je klfc k urceni tech:Ze taxonu, sostaveny na zaklacle vnitfoich morfologickych znaku, 
patrnych na nazkach. Oba klice zamerno nejsou spojeny v jeden celek. Vysledny efekt pfi pouzitf 
obon klicu je sice stejny, avsak z hlediska praktickeho pouziti jo klic k urceni podle vnejsi morfo 
logio naiek vyhodnejsi. 
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