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Abstract

The hairs of the following representatives of the genus Plantago were studied: Plantago
ovata Forsk., P. hookeriana Fisch. et Mey. (sectio Leucopsyllium Decne) and P. bellardii
All. (sectio Hymenopsyllium Pilger). The occurrence of 3 types of headed hairs and 4 types
of headless hairs was observed. P. bellardii is characterized by the presence of hairs with
an unicellular, flask-shaped head and a four-celled stalk on a calyx and bract. Until now this
type of hair has not been described in the representatives of the genus Plantago. The
presence of appendices joining particular cells of the hair is the common feature of the
studied taxa, which at present seems to distinguish the above-mentioned sections from
other sections of the genus Plantago. The results of our study, similarly as the
chemotaxonomic studies of Gorenflot and Bourdu (1962) confirm Pilger’s accuracy in
excluding P. bellardii from the sectio Leucopsyllium and formation of a distinct sectio
Hymenopsyllium Pilger.
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INTRODUCTION

A previous paper (Andrzejewska-Golec and Swigtostawski 1987)
presented studies on the hairs of the representatives of genus Plantago L.
subgenus FEuplantago Harms (Plantago) sectio Coronopus DC. The present
studies concern the hairs of the species of sectio Leucopsyllium Decne and
Hymenopsyllium Pilger subgenus Euplantago.
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Sectio Leucopsyllium includes over 60 species, the majority of which are
plants of the American continent (Pilger 1937). Decaisne (1852) formed
this section by joining two of Barneoud’s (1844) sections: Albicans Barn.
and Gnaphaloides Barn. Decaisne’s approach was commonly accepted
(Harms and Reiche 1897, Grigoriew 1958, Janchen 1958, Patzak
1964).

In 1978 Rahn (1978a) proposed substantial changes in the taxonomy of
Plantago. Sections Albicans and Gnaphaloides (in this case returned to
Barneoud’s taxonomy) were transferred by him to subgenus Psyllium.

A medicinal species — Plantago ovata Forsk. is the most well-known
representative of sectio Leucopsyllium. It is cultivated on a large scale in India.
It grows wild in the Mediterranean, in South Asia, and also in the western
parts of North America (Rahn 1979). According to Rahn (1979) P. ovata
belongs to sectio Albicans ser. Ovata Rahn.

Another representative of sectio Leucopsyllium is Plantago hookeriana
(Pilger 1937). This species grows wild on sandy areas of Texas and Mexico
(Rahn 1978b). Rahn (1978b) includes it in sectio Gnaphaloides ser. Gnapha-
loides Rahn.

In two representatives of sectio Leucopsyllium: Plantago bismarckii Niederl.
and P. nubigena Kunth, Pilger (1898, 1937) describes headlesshairs with an
enlarged basal cell and a thin-walled first cell of the stalk and a
whip-like tip cell. According to Pilger the observed hair type is common for
3 sections of subgenus Euplantago: Leucopsyllium, Oreades and Arnoglossum.
Vesque (1885) observed the presence of similar hairs in another representati-
ve of sectio Leucopsyllium — P. aristata Michx. Volkens (1887) described the
hairs of P. cylindrica Forsk. which had four characteristic appendices joining
the first cell of the stalk with the next cell.

Sectio Hymenopsyllium was formed by Pilger (1937) for three species: P.
bellardii All., P. cretica L. and P. cyrenaica Durand et Barrtle. According to
Barneoud (1844) they belong to sectio Albicans, according to Decaisne
(1852) to sectio Leucopsyllium. Pilger (1937) included sectio Hymenopsyllium
in subgenus Euplantago, but he regarded it as allied to subgenus Psyllium,
whereas Rahn (1979) included Hymenopsyllium into subgenus Psyllium.

Gorenflot and Bourdu (1962) supported Pilger’s decision of excluding
P. bellardii from sectio Leucopsyllium. They showed that the species differed
from the representatives of sectio Leucopsyllium by the presence of stachyose
oligosaccharide in seeds.

Gorenflot’s and Bourdu’s (1962), as well as Andrzejewska-Golec
and Swiatek (1984) studies point to the presence of significant differences
between P. bellardii and the taxa of subgenus Psyllium.

P. bellardii is an annual South European species (Moore 1976) brought to
central Europe (Hegi 1906). It also appears in Iraq and Iran (Ka’bi 1961). It
grows in sandy places.
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We have not found any information about hairs in P. bellardii as well as in
two other species of the sectio Hymenopsyllium in literature. Pilger (1937)
states only that the presence of gland hairs is one of the common features of
sectio Hymenopsyllium and the subgenus (sectio) Psyllium.

MATERIALS AND METHODS

We have studied hairs of the leaf, scape, bract, calyx and corolla of the
following species: 1) P. hookeriana Fisch. et Mey., 2) P. ovata Forsk., 3) P.
bellardii All.

The plants were grown in the Garden of Medicinal Plants of the
Department of Pharmacognosy, Medical Academy of Eodz, from seeds
imported from botanical gardens in Copenhagen, Berlin and Coimbra (Figs.
1-3).

The material was collected during florescence (August — September
1984-1985). Fresh material was used as well as conserved in 70% ethanol.

Light microscopic figures were drawn with the use of Abbe’s apparatus.
The samples were also observed with the aid of a scanning electron microsco-
pe, analogically as in a previous paper (Andrzejewska-Golec and Swie-
tostawski 1987).

RESULTS

The corollas of the studied taxa were hairless.

HEADED HAIRS

The hair in all three species had unicellular stalks and heads divided vertically
into two cells (Figs. 4 E, S; 5L, M; 6 G; 7 G; 8 D, F; 9). Only sporadically was
a two-celled stalk observed (Figs. 5 T, U; 7 H). The hair length varied from 20
to 100 pm. The stalk cell stained intensively with Sudan III, while the head
remained unstained. The basal cell was very small in comparison with
surrounding epidermal cells. The surface of the head stalk was smooth, in
contrast with the epidermis surface which was longitudinally corrugated.

Such hairs were observed in the representatives of some other sections of
genus Plantago: P. media from Lamprosantha Decne, P. cynops L. from
Psyllium (Juss.) Barn. (Vesque 1885) and P. maritima L., P. recurvata L.
from Coronopus Decne (Andrzejewska-Golec and Swigtostawski
1987). Unger (1926), studying the anatomy of plantain leaves used in
medicine, claimed that they were typical not only for P. media but also for P.
major L. (sectio Polyneuron Decne); they are absent, however, in P. lanceolata
L. (sectio Arnoglossum Decne).
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Fig. 4. Plantago hookeriana Fisch. et Mey. hairs: A-G — from a leaf; A-D — characteristic base
of headless hairs; E — hair with a unicellular stalk and a two-celled head; F-G — fragments of
headless hairs (appendices); H-N — from a scape; I — base of the headless hair; J — a characteris-
tic ending of headless hair cell (appendices); K — torn tip cell of the headless hair; L — headless
hair with a two-celled base and two long stalk cells; M — headless hair with
a two-celled base and a “dagger-like” tip cell; N — a “trace” of the headless hair;
P-R — fragments (base) of the hairs from the bract; S, O — hairs from the calyx. Scale bar — 0.1 mm

Brattsten (1945) described the occurrence of hairs with a unicellular stalk
and two-celled head in Plantago fernandezia Bert. (sectio Paleopsyllium).

Such hairs were observed in all of the studied parts of the plants except the
corolla. The hairs with a unicellular stalk and a unicellular head occured only
on the bract of P. ovata (Fig. 5 S).
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Fig. 5. Plantago ovata Forsk. hairs: A-I — fragments of headless hairs from the leaf;

J-O — from a scape; P-U — from a bract; W-Y — from a calyx; A-E — unicellular hair bases;

F — a typical place from which headless hair was shed; G-K — stalk cell ending (appendices);

R — headless hair base; S — hairs with an unicellular stalk and uncicellular head; T-U — hairs with

a two-celled head, typical with an unicellular stalk, non-typical with a two-celled stalk; W — head-

less hair fragment; X — hair from the tip of the calyx; Y — hair from the membrane part of
a calyx. Scale bar — 0.1 mm

We observed headed 40 um long hairs on the bract and calyx of P. bellardii.
They have not been described to date in the representatives of genus Plantago
(Figs. 8 C, I; 10-13). Their basal cells were significantly larger than the
surrounding epidermal cells and they protruded above those cells. The first cell
of the stalk was much smaller than the three remaining stalk cells and,
moreover, in contrast to them, it stained with Sudan III. The unicellular head
had a flask-like shape (lageniform, gourd-shaped, flask-shaped hairs — Pay-
ne 1978), it was filled with a greenish content. The tips of some heads of these
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Fig. 6. Plantago bellardii All. hairs from a leaf: A — long headless hair with a small basal cell; B,

C — short headless hairs with a two-celled base; D, E — fragments of a web-like hair from the leaf

base; F — headless hair with an unicellular base; G — hair with an unicellular stalk
a two-celled head. Scale bar — 0.1 mm, only for E, G — 0.05 mm
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Fig. 7. Plantago bellardii All. hairs from a scape: A-D — “dagger-like” hairs with an unicellular
2- and 3-celled base; E, F — fragments of headless hairs with a multicellular stalk — the
composition of two cells (appendices); G — typical hair with an unicellular stalk and
a two-celled head; H — nontypical with two-celled stalk. Scale bar — 0.1 mm, only E, F — 0.05 mm
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Fig. 8. Plantago bellardii All. hairs from flower elements: A-D — from a bract; E-1 — from
a calyx; A — headless hair with a three-celled base; B — fragment of a headless hair from a bract
edge (a basal cell, a two-celled base and a characteristic combination of cells); C — hair with
a flask-like head; D, F — hairs with unicellular stalk and two-celled head; E — typical shedding of
a headless hair stalk; G — fragment of a headless hair with a typical base and a characteristic
combination of thick-walled cells (appendices); H — headless hair with a typical base and
a characteristic composition of thin-walled cells (appendices); I — hair with a flask-like head. Scale
bar — 0.1 mm
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Figs. 1-3. Plants cultivated by the authors: 1. Plantago hookeriana Fisch. et Mey, x 0.3; 2.
Plantago ovata Forsk., x 0.5; 3. Plantago bellardii All.,, x 0.5
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Fig. 9. Hair with an unicellular stalk (1) and a two-celled head (2) on a leaf of Plantago bellardii
All, surrounding cells (3), x 2000

Fig. 10. Hairs with a flask-like head among headless hairs (arrows) on a bract of Plantago

bellardii All. The marked parts of the picture are shown in enlargement: Figs. 12, 13, x 200
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Fig. 11. Fragment of a hair with a flask-like head, from a bract of Plantago bellardii All., x 1000
Fig. 12. Flask-like head of the hair from the bract of Plantago bellardii All., x 1000
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Fig. 13. The ending of another flask-like head, x 2000
Fig. 14. Headless “dagger-like” hairs on the scape of Plantago bellardii All., “‘traces™ of headless
hairs — arrows: 1 — dagger-like hairs, 2 — hairs with larger number of stalk cells, x 100




PLATE V

Fig. 15. Plantago bellardii All.: headless hair base, I — a basal cell, 2 — the first short cells of the
stalk, 3 — an elongated cell of the stalk, 4 — surrounding epidermal cells 1000
Fig. 16. Plantago bellardii All.: “trace” of a headless hair, 1 — a basal cell, 2 — the first cells of
the stalk, x 1000




PLATE VI

Fig. 17. Combination of two headless hair cells of Plantago bellardii All., (arrows — appendices),
x . 2000
Fig. 18. Appendices (arrows) of a headless hair Plantage bellardii All., x 5000
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hairs were torn (Fig. 11). This may have been caused either by mechanical
damage or by physiological phenomena connected with their secretory
function.

HEADLESS HAIRS

The headless hairs were similar in the studied species. Four types of them
could be distinguished. The first one (Figs. 4 D, H, M; 5 Y; 6 B, C, F;
7 A-D; 10 (arrows), 14) had a large basal cell protruding above other
epidermal cells. The stalk base was composed of one (Plantago hookeriana,
Plantago ovata), two or three (Plantago hookeriana, Plantago bellardii) short
cells that stained with Sudan III. There was a tip “dagger-like” cell above the
base. The length of the hairs varied from 100 to 300 pm.

We could also observe traces of these hairs formed of a basal cell and one
or two cells of the stalk (Figs. 4 R; 14 (arrows-1)). The shedding of the hairs
may be the result of mechanical damage or physiological rejection of the hairs
(Hummel and Staesche 1962). :

Another type of the headless hairs (Figs. 4 L; 5N, O, X; 8 A, B, G, H; 15)
differed from the first by its larger number of stalk cells and the presence of
characteristic appendices joining neighbouring cells (Figs. 4 J; 5 G-K; 7 E, F;
8 B, G, H; 17). The appendices were especially numerous and clearly seen in P.
bellardii (Figs. 7 F; 8 A, G; 17; 18). We also observed traces of these hairs
(Figs. 4 N; 14 (arrow-2); 16). The shedding of the hairs was similar to that
described above (Figs. 5 F; 8 E).

The third type of the headless hair was characterized by the overlapping of
the first cell of the stalk with the next cell (Figs. 4 B, C; 5 R).

There were web-like, 0.5-1.0 cm long hairs (Fig. 6 D) on the base of the
leaves and scapes of the three studied taxa. They were composed of a dozen or
so to several tens of cells and, according to Pilger (1937), are common in the
Plantaginaceae family.

The web-like hair of the representatives of sectio Leucopsyllium and Hymeno-
psyllium studied by us had at their base, several cells (Fig. 6 D) that stained
with Sudan III. Some cells of these hairs combined by means of the appendices
(Fig. 6 E).

DISCUSSION

The results of our study, similarly as the chemotaxonomic studies of
Gorenflot and Bourdu (1962), confirm the accuracy of exclusion of P.
bellardii by Pilger from the sectio Leucopsyllium and the formation of a distinct
sectio Hymenopsyllium Pilger. In P. bellardii there are hairs with
a flask-like head distinguishing this species. The form of the head suggests their
secretory function. Such hairs have not been described yet in the genus

2 — Acta Soc. Bot.—1
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Plantago. However, the majority of the hair types are the same in the
representatives of sectio Leucopsyllium and Hymenopsyllium. The presence of
the characteristic appendices joining neighbouring cells of the hairs is the
common feature of the investigated taxa.

We plan to study the hairs of the representatives of sectio (subgenus)
Psyllium and to compare them with the hairs of taxons of sections Leucopsy!-
lium and Hymenopsyllium, because the latter are regarded as allied to the
representatives of genus Psyllium. Rahn (1979) even includes the sections
Leucopsyllium (Albicans and Gnaphaloides) and Hymenopsyllium into subgenus
Psyllium.
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Morfologia wloskéw u gatunkow Plantago L. Sekcje: Leucopsyllium Decne
i Hymenopsyllium Pilger

Streszczenie

Zbadano wioski nastgpujacych przedstawicieli rodzaju Plantago z sekcji Leucopsyllium Decne:
Plantago ovata Forsk. i P. hookeriana Fisch. et Mey. oraz z sekcji Hymenopsyllium Pilger: P.
bellardii All. Stwierdzono wystepowanie trzech typow wloskow glowkowych i czterech typow
wloskow bezgtowkowych. P. bellardii charakteryzuje si¢ obecnoscia na przysadce i kielichu
wloskéw o czterokomorkowym trzonku i jednokomorkowej glowce butelkowatego ksztalttu. Do
tej pory nie opisano tego typu wloskéw u przedstawicieli Plantago. Wspolna cecha badanych
taksonow jest obecno$¢ wypustek laczacych poszczegolne komorki wloska. Cecha ta wyrdznia
sekcie Leucopsyllium i Hymenopsyllium sposrod innych sekcji rodzaju Plantage. Wyniki naszej
pracy, podobnie jak chemotaksonomiczne badania Gorenflota i Bourdu (1962), potwierdzaja
stusznosé wylaczenia przez Pilgera Plantago bellardii z sekcji Leucopsyllium Decne i umieszczenia
tego gatunku w odrgbnej, nowo utworzonej przez niego, sekcji Hymenopsyllium Pilger.
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