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Abstract: The paper represents the analysis and comparative description of the

anatomical structure of the flower-bearing shoot in four taxa (1 species and 3

subspecific taxa) belonging to the genus Pulsatilla Miller. From these analyses

emerged a series of characteristics common to all the taxa, but also of differential

ones, even in the case of those two infraspecific taxa of Pulsatilla montana.
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Introduction

The plant material gathered during anthesis represented 4 taxa of the genus

Pulsatilla Miller.

Pulsatilla alpha (L. 1753) Delarbre 1800 ssp. alba (Reichenb.) FI. Auvergne ed.

2: 523, Zamels 1927, Domin 1935, gathered from an Ericaceae - meadow in the

Bucegi mountains (2000 m alt.);

Pulsatilla montana (Hoppe 1826 in Sturm), Reichenb. 1832, FI. Germ.

Excurs.:733, ssp. balkana (Velenovsky 1891) Zamels 1927 in Acta Hort. Bot. Univ.

Latviensis 2: 159, gathered from the hills ot Băltăgeşti (Allah-Bair, distr.

Constanţa);
Pulsatilla montana (Hoppe) Reichenb. ssp. dacica J. Rummelspacher 1965,

gathered in the Natural Reserve "La Fânaţe" (distr. Cluj) and from a meadow in the

proximity of the village Aroneanu (distr. laşi);

Pulsatilla grandis Wenderoth 1831 in Sehr. Ges. Nat. Marburg, 2: 257, gathered
in the Natural Reserve "La Fânaţe" (distr. Cluj); from a meadow in the proximity of

the village Aroneanu (distr. laşi) and in the Botanical Garden laşi (where it is

cultivated).

Material and method

The plant material, fresh and preserved in 50% alcohol has been prepared by
microsectioned and double staining (carmine alum and iodine green), as well as by

inclusion in paraffin wax followed by staining with haematoxylin.

The sections obtained were analyzed on a light microscope (ocular 10x and

objective lenses of 10, 20, 40), photographed or drawn with the aid of a camera

clara.
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Results, discussions

From the analyses resulted the existence of characteristics valid for all taxa

under study as follows:

The epidermis is made up by a single layer of cells, coated by an obvious folded

cuticle. The thickness of the cuticle and the frequency of the folds are influenced by
the surrounding conditions.

The cortex is composed of approx. 10 cell layers, but is obviously less thick (to

7 layers) in Pulsatilla montana ssp. dacica than in P. grandis 12-13 cell layers).
The first subepidermal cortex layer is usually collenchymatous (tabular col

lenchyma).

Regarding the structure of the central cylinder, to a great extent are verified the

observations of Rathfelder ( 1950) as cited by Aichele & Schwegler (1957). So,

the vascular bundles are of the open collateral type and their arrangement in a

cross-section corresponds to the normal dicotyledonous type, bundles of different

size laying on a circle, alternating and separated by medullar rays. The number

and the alternation of bundles of different size are specific characters, as is also

the degree differentiation of the mechanical tissue. The xilem strand is ± triangular
in section with an endarch protoxylem and an exarch protophloem. The phloem

strand as well as the xylem strand are protected by mechanical tissues, these

being obviously more developed on the phloem strand, surpassing it laterally (like

a cap).

The central zone of the stele is occupied by a medullar parenchyma which,

depending on the phaenophase, may be or not replaced by a medullar cavity.

Hairs (fig. 5) are present and often abundant with all examined species.

Their density seems to vary according to the phaenophase and ecological
conditions. The hairs of Pulsatilla have a protection role; they are unicellular,

simple, straight, of variable length and arise from a socle of cells, differing in shape

from the surrounding epidermal cells.

At the level of the epidermis were observed stomata (fig. 7) of the anomocytic

type. The guard-cells are reniform. The substomatic chamber is often very large

and the inner walls of the guard-cells present cuticular cristae.

But there were observed also characteristics peculiar for only few of the

analyzed taxa. From among these we mention:

In Pulsatilla grandis Wend. (fig. 1, 2) the cortex is well developed and shows

approx. 10 cell layers. Beneath the subepidermal tabular collenchyma a tabulo-

angular collenchyma can be observed. The remainder of the cortex is a simple

parenchyma, weakly collenchymatized, with large intercellular spaces.

In front of the conducting bundles, in the cortex an angular collenchyma is obvious

(which may possibly evolve into a sclerenchyma); the collenchymatisation is stronger

in front of the larger bundles.

The phloem strand is protected outwardly by a wall developed cape of approx. 6

cell layers of angular collenchyma, while the xylem strand by an angular

collenchyma of lesser extent.

The perifascicular sheath is supplemental by angular collenchyma developed
within the basic parenchyma in immediate vicinity (2-3 cell layers) of the bundle.

The central zone of the stele parenchymatic.
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Cortex and epidermis unistratose, with stomata. Beneath

the subepidermal tabular collenchyma there is a tabulo - angular ones or a simple

parenchyma with large intercellular spaces, (oc. 12.5 x, ob. 10, amplific. 12.5) (1.5

cm =88 um) Fig. 2 Vascular bundle of the open collateral type. (oc. 12.5x, ob. 10,

amplific. 25) (1.5 = 43 um).

Pulsatilla grandis: Fig. 1



Liţescu Sanda50

Pulsatilla montana ssp. balkana var. getica Fig. 3 A fragment of the shoot cross-

section: unistratose epidermis, cortex with a mixted tabulo-angular collenchyma; 3

vascular bundles of differential size. (oc. 12.5 x , ob. 10, amplific. 12.5, 1.5 = 88

um). Fig. 4 Vascular Dunaie от tne open collateral type. I he mechanical tissues are

represented by sclerenchyma and angulo-lacunary collenchyma who protect the

phloem strand and by angular collenchyma who protect the xylem strand.

(oc.12.5x, ob. 25, amplific. 10, 1.5 = 45 um).



Epidermis and unicelular hair arisen from a

socle of cells, (oc. 12.5 x, ob. 25, amplific. 25, 1.5 = 17 jjm). Fig. 6 [Cortical
collenchyma and a vascular bundle, (oc. 12.5x, ob. 25, amplific. 6.3, 1.5 = 68 um).

Pulsatilla montana ssp. dacica Fig. 5
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Pulsatilla alpina ssp. alba Fig. 7 Epidermis with a stomata of the anomocytic type;

folded cuticle; tabulary collenchyma at the level of the first subepidermal layer, (oc.

12.5X , ob. 25, amplifie. 25, 1.5 = I7 um). Fig. 8 A fragment of the shoot cross-

section: epidermis, cortex, 3 vascular bundles of differential size. (oc. 12.5x, ob.

10, amplific. 12.5, 1.5 = 88 pm).



53The anatomy of the flower - bearing shoot in three species of Pulsatilla

In Pulsatilla montana (Hoppe) Reichenb. ssp. balkana (Vel.) Zamels (fig. 3, 4)

besides the first subepidermal cortical layer, the cortex presents a mixted, tabulo -

angular collenchyma.
In front of vascular bundles the cortical cells are obviously tabulary

collenchymatized.
The phloem strand is protected by a cap, which is in part schlerenchymatic

(towards the interior) and partially angulo - lacunar/ collenchymatized. The

mechanical tissue accompanying the xylem strand is better developed as

compared with the other analyzed taxa, and represents an angular collenchyma.

The medullar parenchyma is often replaced by a large medullar cavity.
In Pulsatilla montana (Hoppe) Reichenb. ssp. dacica J. Rummelspacher (fig. 5,

6) the greater part of the cortex corresponds to a lacunary collenchyma, which

towards the epidermis becomes tabulo - lacunary (the first two subepidermal

layers) and towards the central cylinder lacuno - angular; the transition from

lacunar to angular of the collenchyma is sporadic being signalled mainly in front of

vascular bundles, where the cortical cells are smaller.

At the border between cortex and central cylinder, between the vascular

bundles the tissue is angular collenchymatous.

The central cylinder is well developed in contrast to the cortex.

The xylem and phloem strands are protected by sclerenchyma, which forms a

well developed cap upon the phloem strand, having a much reduced extension at

the level of the xylem strand. The medullar tissue, neighbouring the sclerenchyma

associated with the xylem strand, has the structure of an angular collenchyma.

The basic parenchyma near the bundles (2- 3 cell layers) is an angular

collenchyma completing the perifascicular sheath of mechanical tissue.

The medullar parenchyma is often replaced by a medullar cavity.

In Pulsatilla alpina (L.) Delarbre ssp. alba (Reichenb.) Zamels, Domin (fig. 7, 8)

the tabular subepidermal collenchyma extends itself upon 2-3 cortical cell layers.

The next 4-5 cortical cell layers represent a lacunary collenchyma with large

intercellular spaces, becoming gradually an angular collenchyma; we may

therefore consider the remainder of the cortex as a mixed, lacuno - angular

collenchyma.
At the border between cortex and central cylinder a continous layer of angular

collenchyma is to be seen.

The mechanical tissue associated with the phloem strand is represented by a

well developed sclerenchyma cap. The xylem strand containing more xylematic

parenchyma than in the other species, is protected a sclerenchymatic tissue of

lesser extent.

The basic parenchyma between the vascular bundles is tending to become an

angular collenchyma, at least near the bundles.

The central zone of the stele has a structure of a simple parenchyma.

Conclusions

In the present paper stress was laid upon the structural characteristics of the

flower - bearing shoot in four species of the genus Pulsatilla.

At the level of the epidermis no significant differences were signalled.

Likevise the type and the arrangement of vascular bundles corresponds in all

examined cases to the normal dicotyledonous type.



54 Liţescu Sanda

In all analyzed taxa at least the first subepidermal cortical layer is tabulary

collenchymatous, while the thicknessof the cortex as a whole is variable, but only

narrowly so.

Significant differences have been signalled regarding the degree of

differentiation of mechanical tissues localised in the cortex as well as in the central

cylinder.

The sclerenchymatic tissue protecting the vascular bundles is well developed in

Pulsatilla alpina ssp. alba whereas in P. grandis the same is wholly replaced by an

angular collenchyma.

Regarding the two subspecies of P. montana it can be observed that in ssp.

dacica the sclerenchyma is well developed whereas in ssp. balkana it is very

poorly developed being supplemental by angular collenchyma.

The border between cortex and central cylinder is marked by an angular

collenchyma in Pulsatilla alpina ssp. alba while in P. grandis these two zone are

not delimited by any peculiar mechanical structures.

Likevise in P. montana ssp. dacica the border between cortex and central

cylinder is marked by an angular collenchyma and in ssp. balkana by a tabular

collenchyma.

The differentiation of mechanical tissues is varying not only in different species

but also within the same species.
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ANATOMIA TULPINII FLORIFERE LA TREI SPECII DE PULSATILLA

Rezumat: Lucrarea se ocupă de analiza şi descrierea comparativă a structurii

tulpinii florifereja patru taxoni (o specie şi 3 taxoni subspecifici) aparţinând genului
Pulsatilla Mill. în urma analizei efectuate se înregistrează o serie de caracteristici

comune tuturor taxonilor dar şi o serie de caracteristici diferenţiale chiar în cazul

celor doi taxoni subspecifici de la Pulsatilla montana.

Cuvinte cheie: anatomie, variabilitate specifică, vanabilitate infraspecifică.


