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Abstract: Hairs are one of the key taxonomic features in the Malva alcea complex. The paper presents preliminary results of
research on the morphology and variation of hairs in Malva alcea from different geographic regions of Poland. In the studied
populations several types of trichomes were disitinguished, including simple ones (unibranched), bifurcate (2-branched) and
stellate (multibranched, multicellular). Stellate hairs vary in number of branches from 3 to 10. However, in all types of tri-
chomes (simple, bifurcate and stellate) each branch is composed exclusively of a single unbranched cell.
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1. Introduction

Malva alcea the hollyhock is one of 11 species of
mallows occurring in Poland (Mirek et al. 2002). It
occurs in the entire Poland, particularly frequently in
the western part of the country (Zajac & Zajac 2001).
The main places of the hollyhock occurrence are old
earthworks and other archaeological structures, road-
sides, dry and sunny hillsides, areas of ruderal vegeta-
tion as well as thickets and forest edges. The species is
recognized as a relict of former cultivation (Celka 1998,
1999).

A species which is closely related to Malva alcea is
Malva excisa. The contemporary knowledge regarding
the taxonomy of the Malva alcea complex is based
primarily on the morphological structure of the hairs
and corolla petals. According to Walas (1959) the main
feature distinguishing M. alcea from M. excisa are hairs
on the stem — their size and type, and the depth and
shape of petals notches. Dalby (1968) regards the M.
alcea as the ‘main’ species, and M. excisa as its ex-
treme variety. I’in (1974) in the Flora of the U.S.S.R.
distinguishes also M. excisa. The range border of the
two aforementioned species seems to be located in Po-
land (Walas 1959).

The aim of the research was to investigate the abun-
dance of shapes, sizes and structure complexity and to
verify previous information about the hairs of M. alcea

on the basis of the material collected from several
localities in Poland and Germany.

2. Material and methods

The herbarium material for the morphological studies
of the Malva alcea trichomes was collected from 8
localities in Poland and 1 site in eastern Germany (Fig. 1,
Table 1). Exicata were deposited in the Department of
Plant Taxonomy of the A. Mickiewicz University in
Poznat.
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Fig. 1. Distribution of the studied locations of Malva alcea (see
Table 1)
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Table 1. Localities and habitats of the studied populations of Malva alcea
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. ) Collection Geographical
Number Locality Habitat date location

1 Radomysl near Storkowo (Szczecinek  roadside 19.09.2002 N 53°45°39.1""
district, Zachodniopomorski region) E 16°31'55.7"

2 Sejny (Segjny district, Podlaski region)  roadside 25.08.2001 N 54°10'54.4"
E23°19'11.9™

3 Stara Lomza (Lomza district, Podlaski ~ embankments of the early 25.07.2001 N 53015'23.6"
region) medieval earthwork on the E 22012° 05'7“

Narew river '

4 Ptoski on the Narew (Biatystok district, roadside near a bridge on the 31.07.2002 N52°54°13.1™
Podlaski region) Narew river E23°13'58.5™"

5 Wiréw near Drohiczyn on the Bug cemetery (roadside, roadside 31.07.2002 N 52°26°35.7""
(Siemiatycze district, Podlaski region)  ditch) E 22032°12.3"

6 Tum near L¢czyca (Leczyca district, valley of the early medieval 03.07.2003 N 52°03'22.5"
Lodzki region) earthwork E 19°13'57.9™

7 Karzec near Krobia (Gostyn district, roadside ditch next to a 24.08.2002 N 51°45°06.0°"
Wielkopolski region) medieval earthwork E 16°53'33.2™

8 Patnéw (Wielun district, £.6dzki region) roadside ditch 24.08.2002 N 51°08°06.3""
E 18°36'30.7"

9 Grof3 Raden (Mecklenburg- embankments of the early 23.07.2003 N 53°44°07.7""
Vorpommern, Germany) medieval earthwork E 11°52°36.7"

Four specimens were randomly chosen from the
areas under study and from each specimen six samples
of epidermis were taken for microscopic observations.
These included sections from the upper and lower part
of the stem and the adaxial and abaxial sides of leaves
from the lower and upper part of the plant. Observa-
tions were carried out using the Jenamed 2 light micro-
scope (LM) and scanning electron microscope (SEM).
The Lucia Screen Measurement software was employed

for documentation purposes and the measurement of
the studied features.

3. Results

Among the analyzed specimens from all populations,
ten types of hairs were observed (Figs. 2a-d, 3a-f). They
are covering hairs, non-glandular. All the hairs were
diagnosed as dead structures, filled with air, non-headed

Fig. 2. Morphology of hairs in Malva alcea (SEM)

Explanations: a — single hair from the upper part of the leaf; b — multibranched hair from the upper part of the leaf; ¢ — hairs on the upper part

of the leaf; d — hairs on the upper part of the stem
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with markedly lignified walls. They are significantly
varied in terms of the length of branches. All of them
are sharply edged at the top, sometimes curved; on the
stem usually upright and on the leaves parallel to the
surface of the epidermis.

A simple hair is composed of only one cell and is
surrounded by a ring of accompanying cells (Fig. 3g). As
regards the structure of the hair, we can distinguish the
top part and the basal part. The basal part is widened
and located in the epidermis at the same level as the
other cells of the epidermis (Fig. 3h). The remaining
part of the cell is elongated, cylindrical, narrowing to
the top and sharply edged. The basal part of the hair is
directly connected to its accompanying cells. Directly
underneath them there are parenchymal cells. The
presence of this kind of hairs was observed on the stem,
both on the upper and lower part, and on the leaf blade
of all individuals. The hairs of this type, depending on
the place of occurrence, clearly differ in length and the

Morphological variation of hairs in Malva alcea L. (Malvaceae)

angle of arrangement in relation to the leaf surface or to
the stem. In the lower parts of the stem, they are long,
oriented perpendicularly to its surface. Frequently their
length exceeds 600 pm. They occur singly, randomly
and irregularly, and do not group together. Simple leaf
trichomes are arranged in a similar way, occurring
regularly on the blade, as in contrast to the stem tricho-
mes, and are distinctly shorter.

Multicellular trichomes are made up of at least two
branches. The basal parts of the branches are closely
adjoin to each other, forming the base of the multicel-
lular hair (Figs. 3g-i). This base, as in simple hairs, is
surrounded with a ring of 6-8 modified epidermal cells,
which nourish and support the trichome. Together, they
form a distinct swelling of the epidermis. The remaining
part of the cell of each branch is elongated, with a sharp
apex, just like in a simple trichome. The branches vary
greatly in length, from about 60 pm to 1800 um. Such
disproportions can be observed both within one
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Fig. 3. Morphology of hairs in Malva alcea (LM)
Explanations: a — single (unibranched) hair; b — bifurcate (2-branched) hair; ¢ — stellate (3-branched) hair; d — stellate (4-branched) hair; e —
stellate (6-branched) hair; f — stellate (8-branched) hair; g — accompanying cells; h — basal part of a single hair; i — basal part of a multi-
branched hair; a-g surface view; h-i cross section



trichome, and between neighboring trichomes (Figs. 2b-
¢). Bifurcate hairs are commonly found, both on the
stem and on the leaf blade, in all studied populations.
Similarly, stellate hairs are present in all studied plants
from all localities, but are most numerous in the upper
parts of the stem and on the leaf underside. The most
frequent are 4- and 5-branched hairs, which cover about
90% of the plant.

4. Discussion

Features of hairs are widely regarded as useful for
establishing the systematic relations within the
Malvaceae family (Walas 1959; II’in 1974; Ramayya
& Shanmukha Rao 1976; Inamdar et al. 1983; Dorr
1990). Such view was put forward also by Kubitzki and
Bayer (2003). In fact, they started the morphological
description of the family from the analysis of non-glan-
dular trichomes, at the same time postulating that the
studies in this field are still insufficient to draw
meaningful conclusions.

In keys and descriptions of M. alcea, various terms
are used to describe its hairs, such as stellate, tufted
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stellate, tufted, 2- or 3-furcate or simple (e.g. Walas
1959; II’in 1974; Rutkowski 2004). Our research
showed that in all populations of M. alcea, both
unibranched unicellular and branched multicellular
trichomes are present. The obtained results do not
confirm the previous division into separate categories:
stellate, tufted and the intermediate tufted stellate (see
Walas 1959; Rutkowski 2004). In practice it is often
difficult to choose the proper term (tufted, stellate, tufted
stellate, 2- or 3-furcate) to describe an examined hair,
due to the differences in hair classification in the publi-
shed literature (McClerry 1907; Esau 1978; Malinowski
1980; Broda 1982; Payne 1978; Judd et al. 1999).

On the basis of Payne’s (1978) classification, we
divided the trichomes found in the studied samples into
only 3 categories: simple (unibranched), bifurcate (2-
branched) and stellate (multibranched, multicellular).
Stellate hairs vary in number of branches from 3 to 10.
However, in all types of hairs (simple, bifurcate, stel-
late) each branch is composed of a single cell.
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