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Abstract: We present in detail the structure of the flower stalk in four species and subspecies
of the genus Pulsatilla Miller. While performing the analyses a series of differential features

of the studied taxa were established, and on the base of them a key for determination has been

worked out.
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Introduction

In 1700 Tournefort first describes clearly the genus Pulsatilla Miller, but the first

monography of the genus has been written only in 1841 by Pritzel under the title

"Anemonorum revisio". This monography is based mainly on data from literature and less

on concrete verification, like the similar work by Huth (1897).

Only in 1927 Zamels publishes a rather complete work, wherein morpho-anatomical

investigations play an important role. In this anatomical study Zamels points out a series of

specific peculiarities of the petiole, the structure of the flower-bearing stem and of the

flower stalk, with special regard of the number and arrangement of vascular bundles and the

development of mechanical tissues.

Beginning from 1930 Zimmermann & al. indulged in intense research of the genus.

The data won gave the foundation for a new révisai of the genus. Morpho-anatomical

investigations referring to the genus Pulsatilla or some of its species were done also by:

Schwegler (1954), Aichele (1959), Rummelspacher (1965), Carlquist (1975), Loconte &

Stevenson (1991), Tamura (1993), Loconte & al. (1995) a.o.

The present paper is part of a series, in premiere, treating the anatomy of Pulsatilla

Miller species from Romania. The anatomical analyses have in view a detailed revision of

the genus for Romania. The data obtained from the study of flower stalks from 4 taxa

(specific and sub specific) of Pulsatilla have been used to set up a dichotomy key for

determination.

The plants ranged in this genus possess a stem bearing one flower, continued by the

stalk of the flower. The boundary between these two organs is marked by an involucres

consisting of 3 free bracts in Pulsatilla alpina subsp. alba, these bracts being connate in the

other taxa under study.

Material and methods

The biologic material was gathered at anthesis. The anatomy of the flower stalk was

analyzed on cross-sections, in following taxa:

1. Pulsatilla alpina (L.) Delarbre subsp. alba (Reichenb.) Zamels;
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2. Pulsatilla grandis Wenderoth ;

3. Pulsatilla montana (Hoppe) Reichenb. subsp. balcana (Velen.) Zamels;

4. Pulsatilla montana (Hoppe) Reichenb. subsp. dacica Rummeisp.

The fresh or preserved vegetal material was cut transversely with the aid of an

anatomical razor, and was stained with iodine green and alum carmine (double staining).

Part of the material was treated in conformity to the technique of paraffin wax embedding,

stained with Ehrlich's haematoxylin and mounted in Canada balsam. The preparations were

then analyzed, and microscopically photographed, light microscope Docuval, drawings

were executed with the aid of a clear camera, and finally commented.

Results and discussions

The anatomy of the stalk is more or less similar to that of the flower-bearing stem.

The analyses of the preparations have yielded evidence of characters common to all of the

analyzed taxa, as well as characteristic peculiar for each taxon.

Epidermis. With all analyzed taxa the epidermis is unistratified and possesses

cuticle crests, hairs and stomata, varying in frequency and size from species to species.
In P. alpina subsp. alba the isodiametric epidermal cells, of various sizes are coated

by a cuticle with reduced crests. The stomata have large substomatic chambers; the lumen

of the guard cells is triangular (Fig. 1).

In P. grandis the large epidermal cells possess a stratified cuticle, whose crests have

often rounded tips. The substomatic chambers are small; the lumen of the guard cells is

trapeze like (Fig. 2).

In P. montana subsp. balcana the epidermal cells are slightly radially elongated. The

cuticle shows small crests. The guard cells present heavily incrassate tangential walls. The

substomatic chambers have relatively reduced dimensions (Fig. 3).

In P. montana subsp. dacica the epidermal cells are isodiametric or slightly radially

elongated, and are coated by a cuticle devoid of conspicuous crests. The substomatic chambers

are relatively large and communicate with the adjacent intercellular spaces (Fig. 4).

Cortex. In P. alpina subsp. alba the cortex is formed of 9-10 cells-layers,

sometimes with large intercellular, subepidermal spaces, communicating with the

substomatic chambers (Fig. 5). The first subepidermal cortex layer presents itself as

angular-tabular collenchyma, while the remainder of the cortex has the structure of a

parenchyma with a tendency for becoming collenchymatous (viz. Fig. 5).
In P. grandis the cortex is made up of 6-7 cells-layers. The first sub epidermal

cortex layer (sometimes two layers) is a tabular-angular collenchyma, the remaining cortex

consisting of parenchymatous cells, tending to collenchymatize (Fig. 6).
In P. montana subsp. balcana the cortex is built of 8-12 layers of parenchymatous cells,

on the way of becoming collenchymatous. The first sub epidermal cortical layer is tabular

collenchyma, followed inwards by homogenous angular-lacunose collenchyma. In this species
the highest degree ofcollenchymatisation of the cortical cells can be observed (Fig. 7).

In P. montana subsp. dacica the cortex presents cca. 9 layers of parenchymatous cells

and intercellular spaces larger than in subsp. balcana. Beneath the first sub epidermal cortex

layer, which represents angular-tabular collenchyma, complex collenchymas is seen. (Fig. 8).
Central cylinder. At the level of central cylinder 22-30 vascular bundles of the

collateral open type are arranged in a circle (eustele), their dimensions alternating.
In P. alpina subsp. alba 22 vascular bundles of variable size are alternating (v Fig.

5, Fig. 9A). The phloem strand bears on its outside a cap of sclerenchyma, extending also
into the space between the bundles (v. Fig. 5). The intrafascicular vascular cambium
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presents 2-4 cells-layers. The xylem strand is partially protected by an angular collenchyma

(Fig. 10). The basic parenchyma between the bundles is becoming sclerifled. Thus a

continuous circle of mechanical tissue is forming at the boundary between cortex and

central cylinder.

In P. grandis the central cylinder is very large; at its level 26-30 vascular bundles of

two different sizes are arranged alternatively (v. Fig. 6, Fig. 9B). The mechanical tissue

associated with the phloem strand takes the shape of a cap of angular collenchyma (Fig.
11 ). The cap of mechanical tissue extends into the interfascicular space, so that the

mechanical tissues of neighboring bundles unite forming a continuous circle of angular

collenchyma at the outer boundary of the central cylinder (v. Fig. 6). The intrafascicular

vascular cambium is composed of 4-5 cells-layers. The xylem strand is protected by a cap

of angular collenchyma extending laterally. The central zone of the stalk is formed by a

medullar parenchyma (v. Fig. 9B).

In P. montana subsp. balcana cca. 30 vascular bundles are alternating in the central

cylinder. The phloem strand bears a cap of slightly angular collenchymatous cells (Fig. 9C).

The intrafascicular vascular cambium is made up of cca. 6 cells-layers. The xylem strand

consists of wood parenchyma beneath the intrafascicular cambium, and of conducting
vessels associated with few parenchyma cells. The xylem is delimited by a cap of weakly

differentiated collenchyma (Fig. 12). At the level of the ground parenchyma the

intercellular spaces are small; at this level a feeble tendency for angular

collenchymatisation is noticed (v. Fig. 7, Fig. 12). In the central zone the ground

parenchyma is not collenchymatous.
In P. montana subsp. dacica cca. 19 vascular bundles of various sizes are alternating

(Fig. 9D). The mechanical tissue associated with the phloem strand forms a cap of angular

collenchyma, thick of cca. 6 layers in its central zone. The caps of angular collenchyma,

associated with the phloem strands extend partially into the interfascicular parenchyma, at

the outer boundary of the central cylinder. The interfascicular vascular cambium has

approx. 4 cells-layers. The xylem strand presents woody parenchyma beneath the vascular

cambium, and conducting vessels, without parenchyma inwards. The xylem strand is

accompanied by a cap of angular collenchyma, weakly represented (Fig. 13). The ground

parenchyma exhibits intercellular spaces of various sizes.

A dichotomy key for determination, based on the anatomical characteristics of the

flower stalk

l.a. Vascular bundles surrounded by a ring of sclerenchyma

Pulsatilla alpina subsp. alba

1 .b. Vascular bundles without peri fascicular ring 2

2.a. Vascular bundles heteromorphous, disposed hap-hazardly

Pulsatilla montana subsp. dacica

2.b. Vascular bundles heteromorphous disposed regularly 3

3.a. Interfascicular parenchyma of hexagonal cells. Cortex with over 8 cell-layers
Pulsatilla montana subsp. balcana

3.b. Interfascicular parenchyma of hexagonal cells. Cortex with under 7 cell - layers

Pulsatilla grandis
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Pulsatilla alpina subsp. alba. Cross-section through flower stalk (detail). A

stomata with large sub stomata chamber is seen (Oc. 12,5x; Ob. 25; Orig.)

Fig. 1

Pulsatilla grandis. Cross-section through flower stalk (detail). The epidermis
with cuticle crests and a stomata can be seen. (Oc. 12,5x; 0b.25; Orig.)

Fig. 2
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Pulsatilla montana subsp. balcana. Cross-section through flower stalk

(detail). To be seen: epidermis, a stomata (relative small substomata chamber) and cortical

cells. (Oc. 12,5x; Ob. 25; Orig.)

Fig. 3

Pulsatilla montana subsp. dacica. Cross-section through flower stalk (detail).

Epidermis, a stomata with relative small substomata chamber, cortical cells. (Oc. 12,5x;

Ob. 25; Orig.)

Fig. 4
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Pulsatilla alpina subsp. alba. Cross-section through flower stalk (detail).

Epidermis, cortex and central cylinder. (Oc. 12,5x; Ob. 10; Orig.)

Fig. 5

Pulsatilla grandis. Cross-section through flower stalk (detail). One observes

the cortex and the centrul cylinder. (Oc. 12,5x; Ob. 10; Orig.)

Fig. 6
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Pulsatilla montana subsp. balcana. Cross-section through flower stalk

(detail). One observes cortical cells and cells of the ground parenchyma collenchymatisine

(0c.12,5x;0b. 10;Orig.)

Fig. 7

Pulsatilla montana subsp. dacica. One observes the epidermis with stomata.

and cortex cells. (Oc. 12,5x;0b. IO;Orig.)

Fig. 8

31Anatomy of the Flower Stalk in Species of Pulsatilla from Romania



Cross-section through flower stalk (integral). A - Pulsatilla alpina subsp.

alba: В - Pulsatilla grandis; С - Pulsatilla montana subsp. balcana; D - Pulsatilla montana

subsp. dacica.

Fig. 9

Pulsatilla alpina subsp. alba. Cross-section through flower stalk (detail)

Conducting bundle. (Oc. 12,5x; Ob. 25; Orig.)

Fig. 10

32 Liţescu Sanda. Smarandache Daniela



Pulsatilla grandis. Cross-section through flower stalk (detail). Conducting

bundle. (Oc. 12,5x; Ob. 10; Orig.)

Fig. 11

Pulsatilla montana subsp. balcana. Cross-section through flower stalk

(detail). A large conducting bundle can be seen. (Oc. 12,5x; Ob. 25; Orig.)

Fig. 12
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Pulsatilla montana subsp. dacica. Cross-section through flower stalk (detail). To

be seen a large conducting bundle and ground parenchyma. (Oc. 12,5x; Ob. 25; Orig.)

Fig. 13

Conclusions

In the analyzed taxa the epidermis is uni strati fled, and is covered by rare hairs in P.

alpina subsp. alba and long, dense hairs in the other taxa.

The substomatic chamber is large in P. montana subsp. balcana and small in the

other taxa. In those two subspecies of P. montana the substomatic chambers communicate

with the neighbouring intercellular spaces of the cortex.

The thickness of the cortex varies from 6-7 cells-layers in P. grandis, to max. 12

layers in P. montana subsp. balcana. The two infraspecific taxa of P. montana do not differ

obviously with respect to the thickness of the cortex.

The first subepidermal cortical layer is tabular collenchymatous in P. montana subsp.

balcana; in the other taxa this presents various stages of angular-tabular collenchymatisation.
The remainder of the cortex represents a complex collenchyma in P. montana subsp. dacica,

and a parenchyma in different stages of collenchymatisation in the other taxa.

In P. alpina subsp. alba and P. grandis a ring of mechanical tissue

(sclerenchymatous/ collenchymatous) is differentiated at the boundary between cortex and

central cylinder.

The number of vascular bundles at the level of the central cylinder is smaller than

that given by the special literature for P. montana subsp. dacica (19 bundles) and P. alpina
subsp. alba (22 bundles). The highest number of vascular bundles was seen in P. montana

subsp. balcana and P. grandis (30 bundles). In this respect the two sub specific taxa of P.

montana exhibit major differences.
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The mechanical tissue associated with the phloem strand takes the shape of

sclerenchyma in P. alpina subsp. alba, of a well differentiated angular collenchyma in P.

grandis and P. montana subsp. dacica, and of a rather weakly differentiated collenchyma in

P. montana subsp. balcana.

None of the analyzed taxa possesses a medullar lacuna.
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PEDICELUL FLORAL LA SPECII DE PULSATILLA DIN ROMANIA

Rezumat: Lucrarea de faţă face o prezentare detaliată structurii pedicelului floral la

patru taxoni specifici şi subspecifici ai genului Pulsatilla Miller. în urma analizelor

efectuate au fost evidenţiate o serie de particularităţi de diferenţiere a taxonilor studiaţi care

au servit în întocmirea unei chei de determinare.

Cuvinte cheie: Pulsatilla, pedicel floral, structură, cheie de determinare.


