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Abstract

Among the relics of medieval cultivation, Malva alcea L. is one of the most thoroughly studied species. In Central and
Eastern Europe, a similar taxon — Malva excisa Rchb. — has been recognized. The key diagnostic characters used so far to
distinguish the 2 species include the depth of petal sinus and types of stem hairs. This study was aimed to analyse the
variability of stem and leaf hairs and their usefulness as diagnostic characters for both taxa. The research material was
collected from 19 localities in Poland, Germany, Czech Republic, Belarus and Ukraine. Several types of hairs were observed
on the stems and leaves of M. alcea: single, bifurcate and stellate. Single and bifurcate hairs were found on stems and leaves
of plants from all the studied populations, more frequently on the lower part of the stem, as well as on the upper (adaxial)
surface of the leaf. Stellate hairs, with 3-10 branches, were observed on stems, mainly in their upper parts, and on the lower
(abaxial) surface of leaves. The principal component analysis for hairs from the upper and lower part of the stem showed
that individuals from most of the studied populations were clustered in one large group and only single individuals from
several different populations were outside this group. Based on the graphic presentation of the Manhattan distances,
calculated with the use of the Ward method, 2 groups were distinguished, but they included a mixture of individuals from
various populations and geographic regions. The studied populations are not distinguishable by their key morphological
characters, so all samples can be considered as M. alcea. The results of this study show that Malva alcea is a highly variable
species, and its specific morphological forms are not correlated with geographical or ecological factors. There are also

scientific grounds to question the distinction of M. excisa as a separate species or subspecies.
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Introduction

Useful plants, in terms of species diversity, form a
large group, important for their food, medicinal, economic
and cultural values. Apart from popular species that have
been cultivated for centuries, there is also a group of
plants that were cultivated only in prehistoric times,
Antiquity or the Middle Ages, but are not cultivated
today. In fact, very often these plants are not perceived as
useful anymore. They are termed ergasiolipophytes or —
more often — ‘relics of cultivation’. They include former
medicinal herbs (e.g. Leonurus cardiaca L.), plants used
for dyeing (e.g. Isatis tinctoria L.), spices (e.g. Allium
scorodoprasum L.) or ornamental plants (e.g. Lavatera
thuringiaca L.) (Celka, 2005, 2008).

A well-known relic of cultivation, Malva alcea
(Celka & Drapikowska, 2008), is a member of the family
Malvaceae. This family includes about 5000 species
(Mabberley, 2010), several species are used by human
beings. Recently, numerous studies on species of the
Malvaceae were conducted, pertaining to taxonomy (Ray,
1995, 1998; Shaheen et al., 2009a), morphology and
anatomy of seeds and fruits (Kumar & Singh, 1991;
Bojnansky & Fargasova, 2007; Melikian et al., 2008,
2009), morphology of pollen grains (El Naggar, 2004;
Shaheen et al., 2010), hairs and other epidermal structures
(Giiveng et al., 2003; Celka et al., 2006; Shaheen et al.,

2009b), as well as stability in a given locality and
dispersal (Celka et al., 2008, 2013).

Malva alcea is one of the best studied relics of
cultivation. For years it was considered as native to
Central Europe. Recent studies have shown that it is an
archaeophyte. At present, it can be observed mainly at
prehistoric or medieval archaeological sites, e.g.
strongholds, castles or open settlements. In the Middle
Ages it was used for healing, as food, for dyeing, as an
ornamental plant and for magic rituals (cf. Celka &
Drapikowska, 2008).

Some geobotanical publications from Central and
Eastern Europe provide information on the occurrence of
another closely related species that strongly resembles
Malva alcea L., namely M. excisa Rchb. (Il'in, 1949;
Walas, 1959). Sometimes, it is treated as of subspecies, as
M. alcea L. subsp. excisa (Rchb.) Holub (e.g. Hegi, 1925;
Olianytskaia, 1999; Tzvelev, 2000). The plant was
cultivated for its ornamental values (Majorov, 2006).
Malva excisa occurs on dry hills, roadsides and in thickets
(I'in, 1949; Walas, 1959). According to the literature, the
first descriptions of M. excisa came from Germany, while
a cotype was thought to be held in Saint Petersburg (I1'in,
1949), but we failed to find it in the Herbarium of the
Komarov Botanical Institute (LE). One of very few
images of this species was included in Reichenbach’s
work (1841, cf. Celka et al, 2007). M. excisa was
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reported mainly from Russia, Ukraine, Belarus and the
Baltic States (Il'in, 1949). The western limit of the
species’ geographical range is considered to cross Eastern
Poland (Walas, 1959). It has been assumed that the most
important key characters that distinguish M. excisa from
M. alcea are related to petals and stem hairs (I1'in, 1949).

So far, in order to establish the taxonomic status of
both taxa, studies have been concentrated on petals (Celka
et al., 2007). Also, genetic variability was investigated at
the level of both isoenzymes (Celka et al, 2010) and
selected DNA sequences (Celka et al., 2012). The aim of
this study is to analyse the variability of stem and leaf
hairs in both species and their usefulness in taxonomic
identification of Malva alcea and M. excisa.

Materials and Methods
The material for this study was collected in the field in

2006-2007. Additional, herbarium individuals acquired in
Belarus in 2012 were used. In total, 19 populations from
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Central and Eastern Europe, from the geographical area of
Malva alcea and the hypothetic range area of M. excisa, were
studied. It included 11 populations from Poland, 2 from
Germany, 1 from the Czech Republic, 1 from Belarus and 4
from Ukraine. Populations 1, 5, 7 and 14-19 are situated
within the hypothetic range of M. excisa, determined on the
basis of literature (Table 1). The selected localities
demonstrate the whole spectrum of habitats of M. alcea and
M. excisa: ramparts and conical medieval strongholds,
roadside ditches and roadsides, shrubs and a graveyard
(Table 1). From each locality, when possible, 5 individuals
were collected for analysis. For each individual, 2 pieces of
stem and 2 pieces of leaf were studied. The stem sections (2
cm in length each) were taken directly below the
inflorescence and between the second and the third node
above the stem base. Also, hairs from the upper (adaxial) and
lower (abaxial) surfaces of the leaf subtending the
inflorescence were analysed. The hair classification follows
Celka et al. (2006). Name abbreviations of the distinguished
hair types are explained under Table 2.

Table 1. Localities and habitats of the studied populations of Malva alcea (*) and M. excisa (%).

Number Locality Geographical . seat Collection
location date
1E Sucha Wies 53°57°31.6"'N  Roadside, roadside ditch 01.08.2006
(Podlaskie region, Poland) 22°49°20.5"'E
2% Daleszyn 51°56'00.4"'N  Cone-shaped mound of late medieval earthwork ~ 25.07.2006
(Wielkopolskie region, Poland) 17°00°05.1E
3% Stawsko 54°23'13.9"'N  Wasteland and roadside (near medieval rampart)  03.08.2006
(Zachodniopomorskie region, Poland) 16°42°50.6'E
4% Dusina 51°55°17.7"°N  Cone-shaped mound of early medieval earthwork 25.07.2006
(Wielkopolskie region, Poland) 17°01°15.2"°E
5% Wirdéw near Drohiczyn on Bug 52°26'35.7"°N  Cemetery (roadside, roadside ditch) 31.07.2006
(Podlaskie region, Poland) 22°32°12.3VE
6*  Ostrowite-Napole 53°08'46.5"°'N  Embankments of early medieval rampart 01.08.2006
(Kujawsko-Bydgoskie region, Poland) 18°57°03.7"E
7% Nowosielec 50°25'23.5"'N  Roadside ditch on forest edge 28.07.2006
(Podkarpackie region, Poland) 22°07°54.8'E
8% Patow 51°08'06.3"'N  Roadside ditch 28.07.2006
(Lodzkie region, Poland) 18°36'30.7"E
9% Tum near Leczyca 52°03'22.5°'N  Valley of early medieval rampart 29.07.2006
(Lodzkie region, Poland) 19°13°57.9"E
104 Kozieglowy 52°28'25.1"'N  Roadside, roadside ditch 20.09.2007
(Wielkopolskie region, Poland) 16°58°55.3"E
11*  Mojecice 51°17°28.0"°'N  Roadside, roadside ditch 18.09.2007
(Slaskie region, Poland) 16°35°41.4"E
12*  Teterow 53°47°22.6"'N  Meadow on an island near embankments of 14.08.2007
(Mecklenburg-Vorpommern, Germany) 12°35°52.3"E  early medieval rampart
13*  Fiirstenwerder 53°22'36.4'N  Roadside, roadside ditch 14.08.2007
(Mecklenburg-Vorpommern, Germany) 13°34°06.5"'E
14*  Vladaf near Zlutice 50°04'42.1"'N  Thickets on earthwork 24.08.2007
(Karlovarsky region, Czech Republic) 13°12°50.0E
158 Pidluby 50°55'14.6"'N  Roadside, roadside ditch 17.07.2007
(Zhytomyr region, Ukraine) 27°45°08.3"E
16°  Olevsk 51°12°26.0"'N  Roadside 17.07.2007
(Zhytomyr region, Ukraine) 27°39°41.0"E
17°  Gubkiv 50°49°34.1"'N  Garden and roadside 18.07.2007
(Rivne region, Ukraine) 27°02°42.2"E
18%  Rokytne 51°16'59.4"'N  Old cemetery 19.07.2007
(Rivne region, Ukraine) 27°12°29.2"E
19®  Narachanski National Park 54°58'18.1"'N  Roadside 14.08.2012
(Miadzel district, Minsk region, Belarus)  26°48°03.2"'E
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Table 2. Number of hairs of various types per 4 mm’ of the sample surface of stem (S) and leaf (L) in the studied populations
of Malva alcea (*) and M. excisa ().

Plant Hair type (unbranched or with 2-10 branches, on upper/lower stem part or leaf surface)
Population
part gy 2u/l 3u/l 4u/l Sull 6 u/l 7 u/l 8ul 9u/l 10 w/l
1" S 0-10/1-7  0-16/0-3  0-11/0-2  0-12/0-1 0-11/0 0-3/0 0-1/0 0/0 0/0 0/0
Sucha Wie§ L 0-22/0-2  0-8/0-4 0-4/0-6  0-6/0-12  0-2/0-7  0-1/0-9 0/0-3 0/0-2 0/0 0/0
24 S 0-4/0-1 0-4/0-2 0-4/0-1 0-7/0-1 0-3/0-1 0-2/0 0/0 0/0 0/0 0/0
Daleszyn L 0-22/0-2  0-6/0-7 0-2/0-6  0-11/1-9 0/0-5 0/0-3 0/0 0/0 0/0 0/0
34 S 0-4/0-7  0-5/0-4 0-9/0 0-12/0 0-4/0 0-4/0 0/0 0/0 0/0 0/0
Stawsko L  0-39/0-4 0-19/0-11  0-1/0-4  0-1/0-10 0/0-10 0/0-7 0/0-1 0/0 0/0 0/0
44 S 0-1/0-3  0-3/0-2 0-5/0-1 0-13/0-1 0-4/0 0-2/0 0-1/0 0/0 0/0 0/0
Dusina L 0-22/0-3  0-6/0-6 0-3/0-3  0-10/0-10  0-2/0-8 0/0-9 0/0-5 0/0-1 0/0 0/0
5° S 0-2/0-4  0-4/0-4 0-5/0-3 0-5/0-3 0-5/0-3  0-4/0-1 0/0-1 0/0 0/0 0/0
Wiréw L 0702 0-11/0-3  0-5/0-3 0-6/0-7 0-3/0-5 0/0-9 0/0-8 0/0-3  0/0-2 0/0
6* S 0-3/0-3  0-7/0-5 0-5/0-2  0-10/0-2 0-9/0 0-5/0 0-1/0 0/0 0/0 0/0
Napole L 0-16/0  0-22/0-3  0-9/0-3  0-17/0-12  0-3/0-13  0/0-14 0/0-3 0/0-2 0/0 0/0
7" S 0-2/0-3  0-4/0-1 0-4/0-1 0-4/0 0-1/0 0/0 0/0 0/0 0/0 0/0
Nowosielec L  0-16/0-3  0-7/0-6 0/0-5 0/0-8 0/0-3 0/0-3 0/0 0/0 0/0 0/0
8" S 0-1/0-1 0-3/0-2 0-4/0-1 0-5/0-2 0-2/0-1 0-1/0-1 0/0-1 0/0 0/0 0/0
Patnow L 0-5/0 0-5/0-1 0-3/0-4 0-6/0-9 0-1/0-5 0/0-10 0/0-2 0/0 0/0 0/0
9% S 0-3/0-3  0-3/0-2 0-4/0 0-7/0 0-4/0 0-1/0 0/0 0/0 0/0 0/0
Tum L 0-23/0 0-14/0 0-5/0-3  0-15/0-18  0-1/0-8 0/0-14 0/0 0/0 0/0 0/0
10* S 0-2/0-1 0-2/0-1 0-3/0 0-7/0 0-3/0 0-2/0 0-1/0 0/0 0/0 0/0
Kozieglowy L  0-11/0-1  0-4/0-5 0-2/0-2 0-2/0-8 0/0-8 0/0-4 0/0-1 0/0 0/0 0/0
1 S 0-4/0-5  0-5/0-1 0-3/0-1 0-4/0 0-1/0 0/0 0/0 0/0 0/0 0/0
Mojecice L 0-10/0 0-11/0 0-3/0-3 0-4/0-6 0-2/0-7 0/0-9 0/0-3 0/0 0/0 0/0
2t S 0-50-6 0-10/0-3  0-7/0-3  0-25/0-5 0-13/0-2  0-7/0-1 0-4/0-1  0-2/0 0/0 0/0
Teterow L 0-16/0  0-46/0-2  0-30/0-3  0-21/0-19 0-3/0-14  0/0-19 0/0-9 0/0-6  0/0-2 0/0-2
134 S 0-2/0-4  0-2/0-3 0-2/0-1 0-7/0-2 0-6/0-1 0-8/0-1 0-3/0 0-1/0 0/0 0-1/0
Fiirstenwerder L 0-21/0-1  0-22/0-4  0-7/0-10  0-20/2-15  0-4/1-12  0-2/1-18  0/0-6 0/0-10  0/0-4 0/0-1
14% S 0/0-4 0-1/0-2 0-2/0-1 0-8/0-1 0-5/0 0-4/0 0-1/0 0/0 0/0 0/0
Vladat L 0-26/0-5 0-6/0-6 0-2/0-5 0/0-7 0/0-5 0/0-7 0/0-1 0/0 0/0 0/0
15" S 0-1/0-1 0-2/0 0-2/0 0-4/0 0-2/0 0-3/0 0-1/0 0/0 0/0 0/0
Pidluby L 0-5/0 0-5/0-2 0-3/0-2 0-5/0-4 0/0-6 0/0-7 0/0-4 0/0-1  0/0-2 0/0
16" S 0-2/0-3  0-9/0-3 0-6/0-2  0-12/0-4  0-16/0-4 0-3/0 0/0 1/0 0/0 0/0
Olevsk L 1-7/0-1 ~ 0-14/0-3  0-14/0-5  0-9/0-15  0-5/0-10  0/0-14 0/1-4 0/0-4 0/0 0/0
17" S 0/0-2 0-1/0-2 0-1/0-1 0-6/0-2 0-5/0 0-5/0 0-1/0 0-1/0 0/0 0/0
Gubkiv L 4-12/0 1-6/0-1 0-2/0-3 0-1/1-5 0/0-4 0/1-4 0/0-3 0/0-1 0/0 0/0

18F S 0-8/0-7 0-5/0-4 0-2/0-3 0-7/0-2 0-8/0-1 0-2/0 0-1/0 0/0 0/0 0/0
Rokytne L 4-12/0-5 1-6/0-3 0-2/0-4 0-1/0-9 0/0-7 0/0-8 0/0-6 0/0-4 0/0 0/0

19% S 0-14/0-9 0-12/0-6  0-15/0-3  1-30/0-3  0-11/0-1 0-2/0 0/0 0/0 0/0 0/0
0-17/0-4  0-3/0-5 0-11/0-4  3-28/0-48 1-20/0-34  0-6/0-3 0/0-3 0/0-1 0/0 0/0

o

Narachanski

Hair types: u/l — upper/lower (stem part or leaf surface); U — simple hair (unbranched); 2 — bifurcate (2 branches); 3-10 — stellate (3-10 branches)



470

Cc

Fig 1. Morphology of hairs in Malva alcea and M. excisa
(SEM): a— hairs on the upper part of the stem (Teterow,
Germany); b — hairs on the upper part of the stem (Rokytne,
Ukraine); ¢ — hairs on the lower part of the stem (Rokytne,
Ukraine).
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Samples were studied using stereoscopic microscope,
at a magnification of 25%. For each sample, the hairs of
each type were counted in an area of 4 mm” The
herbarium material was deposited in the Herbarium of the
Department of Taxonomy at the Adam Mickiewicz
University in Poznan (POZ). The SEM photographs were
taken in the Electron Microscopy Laboratory of the
Faculty of Biology at the same university.

Data obtained from the morphological measurements
were analysed statistically using STATISTICA 7.1 for
Windows software. Variability of morphological characters
was analysed with the principal component analysis (PCA)
and cluster analysis based on Ward’s method (Ward, 1963;
Morrison, 1990; Sokal & Rohlf, 1997).

Results

In the studied samples of stems and leaves of Malva
alcea and M. excisa, several types of hairs were observed:
single (unbranched, simple), bifurcate (2-branched) and
stellate (3-10 branches) hairs (Table 2, Fig. 1). Single and
bifurcate hairs occurred on stems and leaves of plants
from all populations examined, but more often on the
lower part of the stem and the upper side of the leaf
(Table 2). Stellate hairs were mainly observed on the
upper part of the stem and the lower side of the leaf. The
stellate hairs on the upper part of the stem (small and
large) had mostly 3-7 branches. Single and bifurcate hairs
were less frequent. On the contrary, the lower part of the
M. alcea stem was almost glabrous — single and bifurcate
hairs were dominant, with only a few stellate hairs,
usually with fewer branches (3-5). On the upper surface
of the leaf, single and bifurcate hairs predominated, with a
few stellate hairs, usually with only 3-5 branches, while
the lower surface was densely covered with stellate hairs
(3-10 branches), mixed with few single and bifurcate
hairs (Table 2).

The PCA performed for the hairs from the upper and
lower parts of stems showed that individuals from the
studied populations form one large group (Fig. 2). PCALI
separated single individuals from 2 German populations
(no. 12 — Teterow and no. 13 — Fiirstenwerder) and from
the Ukrainian population (no. 16 — Olevsk), while PCA2
separated a single individual from the Ukrainian
population Rokytne (no. 18) and 2 individuals from the
German population Fiirstenwerder (no. 13). PCA1 was
correlated with the presence of stellate hairs with 6 and 7
branches on the upper part of the stem, 6, 7 or 8 branches
on the upper part of the leaf, and 3 branches on the lower
part of the leaf (Table 3), while PCA2 was correlated with
the presence of bifurcate hairs on the upper part of the
stem and stellate with 3 branches on the upper surface of
the leaf (Table 3).

The PCA conducted for 10 key characters (number
of hairs of each type on the upper and lower parts of
stem) in the studied taxa showed also that individuals
from the majority of the examined populations are
concentrated in one compact group (Fig. 3). PCAl
separated only one individual from the Ukrainian
population Olevsk (no. 16) and one from the German
population Teterow (no. 12). In addition, positive values
of PCA1 separated also 2 individuals each from the
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German populations Fiirstenwerder (no. 13) and Teterow
(no. 12), and one individual from the Ukrainian
population Rokytne (no. 18). PCA2 separates one
individual each from the Polish population Sucha Wie$
(no.1) and German population Teterow (no. 12). PCA1
is most strongly correlated with the presence of stellate
hairs with 5 branches on the upper surface of the leaf,
while PCA2 with the presence of bifurcate hairs on the
upper part of the stem (Table 4).

Dendrogram divided individuals into two groups: A
and B (Fig. 4). Group A comprises all individuals from
populations in Ostrowite-Napole (no. 6, Poland), Teterow
(no. 12; Germany), Vladaf (no. 14, Czech Republic), as
well as Olevsk, Gubkiv and Rokytne (no. 16, 17, 18;
Ukraine) and Narachanski National Park (no. 19,
Belarus). This group can be further subdivided into
several subgroups that differ significantly in terms of
Manhattan distances. Specific subgroups are composed of
individuals from different populations. Group B can be
divided into subgroups that differ only to a small extent.
Interestingly, group B comprises most of individuals from
Nowosielec, Patnéw and Mojecice (populations no. 7, 8,
11, Poland) as well as all individuals from Pidluby
(population no. 15; Ukraine).

Our results show that: (i) the individuals from
populations representing both studied taxa do not form
distinct groups in the dendrogram (Fig. 4), (if) in the
majority of analysed populations, the individuals
representing populations of a given taxon (M. alcea or M.
excisa) are scattered in the whole dendrogram, (iif) in the
vast majority of cases, the individuals from a given
population, which grow side by side in the wild, do not

make a distinct subgroup but are scattered within the
clade or in the whole dendrogram, (iv) individuals from
geographically very remote populations often belong to
the same clade.

Discussion

The key characters differentiating Malva alcea from
M. excisa are the depth of sinus in petals as well as hair
types and density (Abromeit et. al, 1898; Il'in, 1949;
Walas, 1959). The characteristics of petals have already
been analysed in a separate work (Celka et al., 2007). The
stronger pilosity of stems of M. excisa versus M. alcea was
considered to be a differentiating character, mentioned in
the works of German naturalists from the 19" and early 20"
century (Fiek, 1881; Ascherson & Graebner, 1898-1899;
Hegi, 1925; Wiinsche, 1932). According to I1'in (1949), the
hairs on M. alcea has stem are spreading, many-branched,
2-branched and simple hairs, while in Malva excisa, stems
are covered by dense appressed stellate hairs. In Polish
taxonomic keys, which follow II'in (1949), this key
character was described as follows: all stem hairs of M.
alcea are large and include simple ones, 2- and 3-branched
hairs with long protruding branches, and shrubby-stellate
hairs. In contrast, M. excisa stem hairs are only stellate,
either small, with appressed branches (the dominant type)
or large, shrubby-stellate, with protruding branches, or are
sometimes mixed (Walas, 1959; Rutkowski, 2011).
According to Tzvelev (2000), M. excisa has, on its upper
and mid-stem, only stellate hairs, while M. alcea has both
stellate and bifurcate hairs on the whole stem, with an
admixture of single ones.

Table 3. Results of principal component analysis (PCA) for individuals of Malva alcea and M. excisa from 19
populations and the loadings of 20 characters (number of hairs of various types on stems and leaves) for
the first 2 principal components (PCA1-PCA2). Values in bold face are the loadings for the
characters that were highly correlated (r = 0.7) with the principal components

Character PCA1 PCA2 Character PCA1 PCA2
USu 0.07 0.56 ULu -0.05 0.46
2Su 0.21 0.71 2Lu -0.09 0.52
3Su 0.45 0.60 3Lu 0.11 0.70
4Su 0.61 0.29 4Lu 0.37 0.64
5Su 0.68 0.13 5Lu 0.56 0.22
6Su 0.76 -0.26 6Lu 0.72 -0.11
7Su 0.77 -0.24 7Lu 0.70 -0.29
8Su 0.58 0.01 8Lu 0.75 -0.22
9Su 0.03 0.03 9Lu 0.58 -0.35
10Su 0.32 -0.10 1I0Lu 0.65 -0.21
USI 0.29 0.59 ULI 0.02 0.61
281 0.54 0.37 2L1 0.66 0.02
381 0.51 0.34 3L1 0.76 -0.18
481 0.49 0.03 4L1 0.58 -0.34
581 0.46 0.12 S5L1 0.65 0.08
6S1 0.59 -0.25 6L1 0.03 -0.15
781 0.07 -0.14 7L1 0.00 0.08
8S1 0.14 0.02 8L1 0.37 -0.28
9S1 0.14 0.02 9L1 0.09 0.14
10S1 0.13 -0.10 10L1 0.03 0.03

Hair types: U — simple (unbranched); 2 — bifurcate (2 branches); 3-10 — stellate (3-10 branches); L — leaf’; S — stem; 1 - lower (stem

part or leaf surface); u — upper (stem part or leaf surface)
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Fig. 2. Results of principal component analysis (PCA) — a scatter diagram of individuals from populations of Malva alcea and M.
excisa (for 20 characters). Solid circles — M. alcea; hollow circles — M. excisa.
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Table 4. Results of principal component analysis
(PCA) for individuals of Malva alcea and M. excisa
from 19 populations and the loadings of 10 key
characters (number of hairs of various types on the
upper and lower stem parts) for the first 2 principal
components (PCA1-PCA2). Values in bold face are
the loadings for the characters that were highly
correlated (r = 0.7) with the principal components.

Character PCA1l PCA2
USu 0.14 0.59
2Su 0.35 0.75
3Su 0.59 0.59
4Su 0.69 0.31
55u 0.75 0.03
6Su 0.70 -0.42
7Su 0.60 -0.28
8Su 0.58 -0.24
9Su 0.03 -0.10
10Su 0.26 -0.31
USI1 0.43 0.63
281 0.69 0.16
3S1 0.70 0.00
4851 0.60 -0.41
581 0.52 -0.17
6S1 0.47 -0.41
751 0.17 -0.37
8S1 0.21 0.34
9S1 0.21 0.34
10S1 0.26 -0.39

Hair types: U-— simple (unbranched); 2 — bifurcate (2

branches); 3-10 — stellate (3-10 branches); S — stem; 1 — lower
part of stem; u — upper part of stem

In the family Malvaceae, characteristics of hairs are
considered as key diagnostic features (cf. II'in, 1949;
Walas, 1959; Hill, 1982; Inamdar et al., 1983; Dorr,
1990; Bayer & Kubitzki, 2003). An analysis of available
works has demonstrated that terminology related to hairs
of Malva alcea and M. excisa is very ambiguous.
Establishing a proper classification is hindered by issues
resulting from different hair descriptions (cf. McClerry,
1907; Esau, 1973; Payne, 1978; Inamdar ef al., 1983;
Judd et al., 2010). An additional difficulty is caused by
the variable pilosity of M. alcea, which has been
emphasized in a number of works (Hegi, 1925; Walas,
1959; Dalby, 1968; Hlavacek, 1982; Slavik, 1992).
Detailed research, based on Payne’s -classification
(1978), showed that trichomes of M. alcea can be
divided into 3 basic groups: single (unbranched),
bifurcate (2-branched), and stellate (with 3-10 branches)
(Celka et al., 2006).

Several recent works from Germany (Garcke et al.,
1972; Rothmaler et al., 2005), the Czech Republic
(Slavik, 1992, 2002; Danihelka et al., 2012) and

ZBIGNIEW CELKA ET AL.,

Slovakia (Hlavacek, 1982) do not recognize M. excisa.
The main reason for this approach is the great variability
of key characters, as well as the lack of geographic and
ecological correlations. In Ukraine (Dobrochaeva, 1955;
Olianytskaia, 1999) and Belarus (Zubkevich, 1999) only
M. excisa is distinguished, while the most recent
Ukrainian study recognizes M. excisa as a synonym of
M. alcea (Shevera et al., 2010). In contrast, a recent
Russian monograph (Majorov, 2006) states that both
species are present. However, the latter work indicates
also that M. excisa has not been found in central Russia
for the last few decades. Moreover, the conducted
genetic studies using isoenzymes and both ISSR (inter-
simple sequence repeat) and ISJ (intron-exon splice
junction) markers (Celka et al., 2010, 2012) do not
support the distinction of M. excisa.

Conclusions

Results of this study of stem and leaf hair variability
(both from the upper and lower part of the stem) in 19
local populations of Malva alcea and M. excisa in Central
and Eastern Europe indicate that there are no grounds for
distinguishing Malva excisa as a separate species or
subspecies. Summing up, the analysed characters of hairs
show such a high variability that they cannot be used as
diagnostic features.
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