Vol. 73, No. 2: 103-111, 2004

ACTA SOCIETATIS BOTANICORUM POLONIAE 103

SEED SCULPTURE OF POLISH SPECIES
OF THE GENUS PLANTAGO L.

MALGORZATA KLIMKO!, KRYSTYNA IDZIKOWSKA?Z,
MARIOLA TRUCHAN3, ANNA KREFT?

I Department of Botany, Agricultural University
Wojska Polskiego 71 C, 60-625 Poznan, Poland
e-mail: klim@owl.au.poznan.pl

2 Laboratory of Electron Microscopy
Adam Mickiewicz University
Grunwaldzka 6, 70-780 Poznan, Poland

3 Department of Botany and Genetics
Institute of Biology and Environmental Protection
Pomeranian Pedagogical University
Arciszewskiego 22 b, 76-200 Stupsk, Poland

(Received: May 12, 2003. Accepted: March 2, 2004)

ABSTRACT
The paper presents results of research on seed sculpture of Plantago major, P. intermedia, P. media, P. corono-
pus subsp. coronopus, P. maritima subsp. maritima, P. atrata subsp. caipatica, P. lanceolata and P. arenaria. Spe-
cial attention was paid to the sculpture of the external layer of the testa. Observations were made under a light mi-
croscope and a scanning electron microscope. The sculpture typical for each species was presented in micrographs.
The results indicate that seed sculpture is a very good interspecific identification feature. The study also confirmed
that P. maritima should not be assigned to the section Coronopus DC., but to a separate section Maritima Rahn.
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INTRODUCTION

The genus Plantago of the plantain family (Plantagina-
ceae) includes over 200 species (Clapham et al. 1962),
which are found on all continents. They are herbs, or rarely
subshrubs, with inconspicuous flowers collected usually in
multiflorous spikes or - less often - in inflorescences com-
posed of one or several flowers each. The fruit is usually
a capsule that opens with a lid and contains 1-2 or more se-
eds. In Poland the most common Plantago species are pe-
rennial weeds. Some of them are medicinal plants (P. ma-
jor, P. lanceolata, P. arenaria, P. media) or bee forage
plants (P. media).

Most of the Plantago species are ubiquitous and only th-
ree taxa are endangered in Poland: the mountain species P.
atrata subsp. carpatica and two seaside taxa, P. coronopus
subsp. coronopus and P. maritima subsp. maritima (Pig-
kos-Mirkowa 2001; Piotrowska 2001a, b; Zajac, Zajac
2001).

The ubiquitous taxa show a wide scale of adaptations to
various habitats, so they are characterized by a marked

morphological and systematic variability (subspecies, va-
rieties and forms), often with imprecisely defined features
and no clear ecological differences. Moreover, common
species often cross with one another, forming interspecific
hybrids.

Tacik (1967), Casper (1974) and Meusel et al. (1978) di-
vide Plantago species into 6 sections: Plantago (P. major
L., P. intermedia L., P. maritima L., P. winteri); Lampro-
santha Decne (P. media L.); Coronopus DC (P. coronopus
L.), Oreades Decne (P. atrata Hoppe); Arnoglottis T. Tacik
(P. lanceolata L.) and Psyllium (Juss.) Berneoud (P. are-
naria Waldst and Kit., Chrtek (2000), only 4 sections. The
taxonomic position of P. winteri is still unclear and needs
to be explained (Tacik 1967; Piotrowska et al. 1997; Rut-
kowski 1998; Rothmaler et al. 1982). P. winteri is similar
to P. major in respect of the number of seeds in the capsu-
le, to P. intermedia in respect of leaf shape and some other
morphological features, and to P. intermedia subsp. lepto-
stachya in respect of capsule shape. Chater, Cartier (1976)
and Chrtek (2000) regards P. winteri as a subspecies of P.
major.
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Hitherto, the classification of Plantago species, both in
the European and Polish flora, is based on the monograph
by Pilger (1937), who made detailed descriptions of their
vegetative organs. In the last two decades, intensive studies
were carried out on the sections of the genus distinguished
by Pilger (1937). The studies were concerned with the
structure of trichomes on leaves, scapes and bracts (An-
drzejewska-Golec, gwic;toslawski 1987, 1989a, b) or occur-
rence of various groups of iridoids — such as catalpol, plan-
tarenaloside and bartsioside — that are important both for
pharmacology (Borkowski 1957; Dusinsky, Tyllova 1960;
Raszeja, Gill 1973 etc.), and for identification (éwiqtek et
al. 1981, Andrzejewska-Golec, Swiqtek 1984; Andrzejew-
ska-Golec et al. 1993, Andrzejewska-Golec 1997; Saadi et
al. 1990; Handjieva et al. 1991) and phylogenesis (Rahn
1996). Little carpological information is available. Many
keys to identification focus on seed shape, colour and di-
mensions, especially length. More detailed data were pro-
vided by Vodak (1956), Rymkiewicz (1979), and Kulpa
(1988), Swabrick and Raymond (1970), but still there is
a shortage of information on seed sculpture and its taxono-
mic significance. The published descriptions of sculpture
are imprecise and often misleading.

The numbers of Plantago species in the European and
Polish flora are difficult to determine because of discrepan-
cies in taxonomic classification, as some taxa can be regar-
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ded as separate species or varieties or even forms of the sa-
me species. In Europe, Chater, Cartier (1976) distinguished
35 European species and many subspecies, Garcke (1972)
described 10 species and 9 subspecies, and Meusel et al.
(1978) listed 11 species. In Poland, Szafer et al. (1969) and
Rutkowski (1998) reported on 8 species, but earlier Tacik
(1967) listed 9 species.

The aim of this study was to make detailed observations
of seed sculpture under a light microscope and a scanning
electron microscope (SEM), and to clarify the relations be-
tween the Polish taxa of the genus Plantago, including 5
common and 3 endangered species.

MATERIAL AND METHODS

Seeds of most Plantago species were collected in the
field in lowland populations (Fig. 1). Within each local po-
pulation of common species, 30 individuals were collected,
and their seeds were later extracted. In the case of P. coro-
nopus subsp. coronopus and P. maritima subsp. maritima,
30 seeds of each species were collected directly in the
field. Only seeds of P. atrata subsp. carpatica originated
from the Experimental Garden of the Institute of Botany at
Zakopane and from herbarium material of POZB.
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Fig. 1. Distribution of the localities investigated.
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List of localities in particular communes:

P. major

1. Pomerania, Stupsk Commune — roadsides.

2. Wielkopolska, Poznain Commune — roadsides.

3. Wielkopolska, Nowy Tomysl Commune — paths.

4. Wielkopolska, Mosina Commune — near buildings.

5. Wielkopolska, Puszczykowo Commune — near buil-
dings.

P. intermedia

6. Pomerania, Rowy, Ustka Commune — edges of lakes.

7. Pomerania, Karlino Commune — cultivated fields.

8. Pomerania, Parsgecko, Szczecinek Commune — cultiva-
ted fields.

9. Wielkopolska, Steszew Commune — edges of lakes.

10. Wielkopolska, Niwka, Puszczykowo Commune — ed-
ges of ponds.

P. media

11. Pomerania, Tczew Commune — slopes of a pond.

12. Pomerania, Pyrzyce Commune — meadow.

13. Wielkopolska, Puszczykowo Commune — roadside
ditch.
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14. Wielkopolska, Skorzecin, Witkowo Commune — me-
adow.

15. Wielkopolska, Konin Commune — roadside ditch.

16. Mazowsze, Warszawa Commune — slopes of a pond.

P. coronopus subsp. coronopus

17. Pomerania, SE Uznam — Karsiboér, Brzezno Commu-
ne — halophilic meadow Croatia, Poradge Commune — ro-
adside.

P. maritima subsp. maritima

18. Pomerania, Wtadystawowo Commune — halophilic
meadow.

P. atrata subsp. caipatica

19. Matopolska, Zakopane Commune - Experimental Gar-
den, fresh and herbarium material (POZB), Szalony Wierch.

P. lanceolata

20. Pomerania, Przechlewo Commune — meadow.

21. Pomerania, Kluki, Smotdzino Commune — meadow.
22. Wielkopolska, Mosina Commune — roadside.

23. Wielkopolska, Nowy Tomysl Commune — roadside.
24. Wielkopolska, Poznan Commune — roadside.

Figs 2-5. Plantago major L. Fig. 2. (SEM) — Seed, dorsal view, (x97). Fig. 3. (SEM) — Seed sculpture on dorsal side, (x312). Fig. 4. (SEM) — Seed,
ventral view, (x106). Fig. 5. (SEM) — Seed sculpture on ventral side, (x312).
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Figs 6, 7. Plantago intermedia Gilib. Fig. 6. (SEM) — Seed, ventral view,
(x46). Fig. 7. (SEM) — Seed sculpture on ventral side, (X163).

P. arenaria

25. Wielkopolska, Puszczykéwko, Puszczykowo Com-
mune — sandy patch surrounded by forest.

26. Wielkopolska, Rogalinek, Mosina Commune — sandy
patch surrounded by forest.

27. Wielkopolska, Skorzgcin, Witkowo Commune — san-
dy patch surrounded by forest.

28. Wielkopolska, Szreniawa, Komorniki Commune —
sandy patch surrounded by forest.

The sculpture of 30 seeds of each taxon was investigated
under a light microscope. In addition, the surface of seeds
were analysed using replicas prepared with the application
of the cuticular technique (Klimko 1981) at magnifications
120x and 140x. Additionally, SEM observations were ma-
de in the Laboratory of Electron Microscopy — Adam Mic-
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kiewicz University, Poznan. The presented micrographs
show the typical seed sculpture of each species, and the
magnification is specified. Nomenclature follows that re-
commended by Mirek et al. (1995).

RESULTS AND DISCUSSION

The shape of seeds of Plantago species varies considera-
bly: elliptic, peltate, angular, ovoid, convex on the dorsal
side, flat or boat-like concave on the ventral side, with the
hilum at the centre. Embryo central, somewhat flattened,
orthotropous, only slightly shorter than the seed, with nar-
row cotyledons parallel or perpendicular to the long axis of
the seed (see Figs 4, 19 and 24).

SECTION PLANTAGO L.

P. major L.

Seed outline elliptic, nearly rthomboid or trapezoid. Do-
rsal side convex, rarely flattened (Fig. 2). Surface dull, li-
ght brown to dark olive-brown. Dorsal side of testa with
a regular structure of cells arranged in tiers, with straight
walls (Fig. 3). Ventral side * nearly flattened, with elliptic
or circular hilum at the centre (Fig. 4). On ventral side, ver-
rucose folds radiate from hilum to seed edge (Fig. 5). The
dorsal seed surface is not slightly rugose, as reported by
Szafer et al. (1968), Rymkiewicz (1979), and Rothmaler et
al. (1982).

P. intermedia Gilib.

Seed shape variable and irregular, outline elliptic. Dorsal
side convex. Surface dull, light brown to dark brown. Do-
rsal side of testa with an irregular, rugose sculpture, sligh-
tly verrucose. Ventral side slightly convex, hilum poorly
defined (Fig. 6), Ventral side rugose, roof-like elevated to-
wards hilum (Fig. 7), quite regularly radiate, as in P. major.
Close to seed edge, testa slightly verrucose. The above de-
scription of sculpture is consistent with earlier published
data (Tacik 1967; Rymkiewicz 1979).

SECTION LAMPROSANTHA DECNE

P. media L.

Seeds peltate, outline elliptic or ovoid. Dorsal side co-
nvex (Fig. 8). Surface dull, olive to dark brown or black.
Sculpture reticulate, slightly verrucose and rugose (Fig. 9).
Ventral side slightly boat-shaped, concave or flat, with
a rough rounded hilum at the centre (Fig. 10). Sculpture
around hilum reticulate, with large interstices, walls strai-
ght, longitudinal walls parallel to seed edge (Fig. 11). Seed
tips rounded, often truncate horizontally or obliquely, so-
metimes with a white ‘crest’ at one end. Earlier the sculp-
ture was described as slightly rugose (Kulpa 1988; Tacik
1967).

In this paper the former section Coronopus DC was divi-
ded into two sections: Coronopus sensu Rahn and Mariti-
ma Rahn. This is consistent with the classifications propo-
sed by Rahn (1978) and Dietrich (1980). Such a classifica-
tion is confirmed by earlier research on genetics (Cartier
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Figs 8-11. Plantago media L. Fig. 8. (SEM) — Seed, dorsal view, (x55). Fig. 9. (SEM) — Seed sculpture on dorsal side, (x163). Fig. 10. (SEM) —
Seed, ventral view, (x55). Fig. 11. (SEM) — Seed sculpture on ventral side, (x312).

1973), seed anatomy (Trapp 1932; Rymkiewicz 1979), cy-
tology (Dietrich 1980), chemotaxonomy (Gorenflot, Bour-
du 1962; Rymkiewicz 1978; Andrzejewska-Golec, Swiatek
1984), palynology (Clarke, Jones 1977), and morphology
(Andrzejewska-Golec, Swictostawski 1987; Rymkiewicz
1979). Plantago coronopus differs from P. maritima in the
number of chromosomes (x=6), presence of ribose, lack of
aucubin in seeds, and characteristic, bottle-shaped tricho-
mes on leaves, bracts and scapes.

SECTION CORONOPUS SENSU RAHN

P. coronopus L. subsp. coronopus

Seeds ovoid or + elliptic in outline, with a characteristic
beak. Dorsal side convex. Surface dull, olive to brown. Do-
rsal side also convex, with a well-defined hilum having re-
gular edges (Fig. 12). Sculpture of dorsal and ventral side re-
gularly reticulate (Fig. 13). Cells with undulated walls, filled
with strips directed towards the centre, sometimes leaving an
empty funnel at the centre. Seed surface with ornamentation
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Figs 12, 13. Plantago coronopus L. subsp. coronopus. Fig. 12. (SEM) —
Seed, ventral view, (x72). Fig. 13. (SEM) — Seed sculpture on ventral si-
de, (x573).

visible under a light microscope. The Polish sample was
compared with a sample of 50 seeds collected in Poradge
(Croatia) in 2002. No variation in seed sculpture was obse-
rved but the two samples differed in seed dimensions.

SECTION MARITIMA RAHN

P. maritima L. subsp. maritima

Seeds elliptic to ovoid. Dorsal side convex. Surface dull,
brown to dark brown. Sculpture reticulate, with variable
ornamentation: interstices completely filled with regularly
arranged balls as well as strips like those in P. coronopus
subsp. coronopus (Figs 15, 16). Ventral side flat, hilum lo-
cated in the wider part of the seed (Fig. 14). Seeds of spe-

Klimko M. et al.

Figs 14-16. Plantago maritima L. subsp. maritima. Fig. 14.
(SEM) — Seed, ventral view, (x37). Fig. 15. (SEM) — Seed
sculpture on dorsal side, (x312). Fig. 16. (SEM) — Seed
sculpture on ventral side, (X625).

cies belonging to the sections Coronopus and Maritima are
characterized by a varied ornamentation. Cotyledons per-
pendicular to the longitudinal axis of the seed.
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Figs 17, 18. Plantago atrata Hoppe subsp. caipatica (Sod) Soé. Fig. 17.
(SEM) — Seed, dorsal view, (x27). Fig. 18. (SEM) — Seed sculpture on
dorsal side, (x312).

SECTION OREADES DECNE

P. atrata Hoppe subsp. carpatica (So6) So6

Seed outline elliptic. Dorsal side convex (Fig. 17). Surface
brown to black. Both dorsal and ventral side deeply rugose,
with a poorly differentiated sculpture; edges curved, rugose,
smooth. On ventral side, deeper folds especially near hilum
(Fig. 18). Seeds of P. atrata subsp. carpatica differ from
those of all the other studied species in the deeply rugose
sculpture of the whole surface.

SECTION ARNOGLOTTIS T. TACIK

P. lanceolata L.

Seed outline narrowly elliptic or ovoid. Surface yellow-
ish to dark brown. Dorsal side smooth, shiny, with a yel-
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Figs 19-21. Plantago lanceolata L. Fig. 19. (SEM) — Seed,
ventral view, (x36). Fig. 20. (SEM) — Seed sculpture on
ventral side, (x625). Fig. 21. (SEM) — Seed sculpture on
ventral side, (x1420).

low longitudinal stripe. Ventral side boat-shaped, concave,
dull (Fig. 19). Hilum oval, at the centre of the ventral side,
surrounded with a belt of slightly undulated cells, slightly
verrucose, so its sculpture is rough (Fig. 20). Sculpture of
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Figs 22-24. Plantago arenaria Waldst. and Kit. Fig. 22. (SEM) —
Seed, dorsal view, (x33). Fig. 23. (SEM) — Seed sculpture on do-
rsal side, (x312). Fig. 24. (SEM) — Seed, ventral view, (x33).

dorsal and ventral side (to hilum edge) reticulate, made of
regular hexagonal cells with straight walls and internal mi-
nute ornamentation (Fig. 21).

SECTION PSYLLIUM (JUSS.) BERNEOUD

P. arenaria Waldst. and Kit.

Seeds boat-shaped, narrowly elliptic in outline. Similar
to those of P. lanceolata. Surface dark brown, very shiny.
Dorsal side convex, with a conspicuous light longitudinal
stripe. The seed is narrowed at half the length, at the same
level as the embryo (Fig. 22). Ventral side boat-shaped, ed-
ges curved to the ventral side, usually flattened longitudi-
nally (Fig. 24). Dorsal and ventral sculpture to edges rugo-
se, slightly verrucose (Fig. 23).
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CONCLUSIONS

1. Clear interspecific differences were found on the basis
of observations of seed sculpture under a light and scan-
ning electron microscope.

2. Seeds of species of the section Plantago (P. major and
P. intermedia) show variation in dorsal sculpture. In P. ma-

Jjor epidermal cells are regularly arranged in tiers, while in

P. intermedia, the sculpture is irregular, rugose, slightly
verrucose. Ventral sculpture rugose, and the folds radiate
from the hilum quite regularly.

3. Seeds of P. coronopus subsp coronopus (section Coro-
nopus) and P. maritima subsp. maritima (section Maritima)
are characterized with specific ornamentation. In the sculp-
ture of P. coronopus subsp. coronopus and P. maritima
subsp. maritima, cells have undulate walls, filled with
strips directed towards the centre, whereas in P. maritima
subsp. maritima additionally the interstices in reticulate
sculpture are completely filled with regularly arranged
balls. Moreover, seeds of P. coronopus subsp. coronopus
have characteristic beaks.

4. The results of this study show that seeds of P. atrata
subsp. carpatica has a poorly differentiated sculpture, as
the whole surface is rugose.

5. Seeds of P. lanceolata and P. arenaria are characteri-
zed with the presence of a light longitudinal stripe. The
two species differ in seed sculpture. The surface of P. lan-
ceolata seeds is regularly reticulate; the pattern is formed
by elongated, polygonal cells with internal ornamentation.
In P. arenaria the sculpture is slightly rugose.
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