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Abstract
Strgulc Krajšek S., Dermastia M. and Jogan N. 2006. Determination key for Central
European Epilobium species based on trichome morphology. Bot. Helv. 116: 169 – 178.
The distribution and morphology of trichomes was investigated for 14 European
Epilobium species (section synstigma) to evaluate their taxonomic relevance. Three
kinds of trichomes were detected. Tapering trichomes without glandular activity
occurred in all examined species but differed in their distribution on the plant. Blunt
trichomes with a rounded tip were only present in some of the species. They were of two
types, one of which possessed glandular activity. Together, trichomes characteristics
allowed a clear distinction of the 14 species and were included in a determination key.
Key words: Glandular trichomes, micro-morphology, plant taxonomy.
Introduction
Epilobium (Onagraceae) is a large genus with approximately 165 species worldwide
(Maberly 1993). It is divided into eight sections, six of which are restricted to North
America, which is the centre of diversity of the genus. Only representatives of the
sections Epilobium and Chamaenerion occur worldwide. Chamaenerion is a sister
group to the rest of the genus and therefore often treated as a separate genus (Baum et
al. 1994), with the genus name Chamerion (Holub 1972). In Europe, 28 species of the
section Epilobium are native or naturalized (Holub 1978; Raven 1980; Snogerup 1982).
Haussknecht (1884) divided this section into two subsections based on the morphology
of the floral stigma: Synstigma, comprising all species with a cuneate stigma, and
Schizostigma, with a four-lobed stigma. The genus is considered taxonomically difficult
because of species similarity and frequent interspecific hybridisation.
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The reliable determination of Epilobium species based on the key from Flora
Europaea (Raven 1980) or other classical dichotomous keys (Holub and Kmetova
1988; Stace 1991; Fischer and Adler 1994; Smejkal 1997) requires a completely sampled
plant. Usually, determination is not possible if material was collected without organs for
vegetative propagation or without ripe seeds. However, incomplete specimens are
common in all herbaria, which results in frequent determination errors (pers.
experience of the authors). Additionally, in some cases, even a complete specimen is
not sufficient for an accurate determination based only on macro-morphological
characters.
A correct determination of Epilobium species is not only important for botanical
studies but also for pharmacological applications. Recent experimental work has
revealed that extracts of various Epilobium species have antimicrobial activity
(Battinelli et al. 2001) and inhibit the proliferation of human prostate cells (Vitalone
et al. 2003). Some Epilobium species have already long been used in traditional
medicine. The classical drug Epilobii herba, used in folk-medicine to treat various
prostate symptoms, predominantly consists of fragments of stem, leaves, flowers and
fruits of E. parviflorum, E. montanum, E. roseum, E. collinum and other Epilobium
species. It is mostly collected in Central Europe, former Yugoslavia and Romania
(Bisset and Wichtl 1994). For an accurate identification of such material, determination
keys based on the macro-morphological characteristics are useless, and other microscopic traits should be applied instead.
Trichomes have already been considered as an important additional micromorphological character for distinguishing problematic Epilobium species (Holub
and Kmetova 1988; Stace 1991; Fischer and Adler 1994; Smejkal 1997). Within the
genus, glandular and tapering trichomes have been described (Saukel 1982), and a
determination key based on micro-morphological features, including trichomes, has
been developed for the genus Chamerion and the subsection Schizostigma (Saukel
1983a, b). However, no determination key is available yet for the majority of European
Epilobium species from section Synstigma.
The aims of the present study were (1) to obtain quantitative and qualitative data on
trichomes of about 60% of the European Epilobium species, which are widespread in
Southern and Central Europe, (2) to evaluate their taxonomic significance, and (3) to
propose a determination key based on the results.
Materials and Methods
The following taxa of Epilobium from Southern and Central Europe were
investigated: E. alpestre, E. alsinifolium, E. anagallidifolium, E. ciliatum, E. collinum,
E. hirsutum, E. lanceolatum, E. montanum, E. nutans, E. obscurum, E. palustre, E.
parviflorum, E. roseum, E. lamyi, and E. tetragonum s. str. The plant material was
collected in Slovenia; only specimens of E. lanceolatum were from Italy and Serbia. All
voucher specimens are deposited in the herbarium LJU (Ljubljana, Slovenia).
Trichome micro-morphology was studied on a total of 250 specimens from the
various species. The density of trichomes was estimated using stereomicroscope with
45x magnification on the following parts of plants: (1) stem middle, (2) stem in the
region of the inflorescence, (3) adaxial surface of the leaf nearest to the stem middle, (4)
adaxial side of the central vein of the same leaf, (5) margin of the same leaf, (6) calyx,
and (7) fruit. For each part, density was classified in one of four classes: no trichomes;
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few trichomes seen occasionally; trichomes regularly present; surface densely covered
with trichomes.
For measurements of trichome length, pieces of surface tissue were cut from leaves,
stems and fruits of selected herbarium specimens. Wrapped in a filter paper, the tissue
was boiled in water for 10 min, transferred to 16% HNO3 for 5 min, and then
superficially dried on a paper towel. It was further transferred to 5% NH4OH for 5 min,
again superficially dried on the paper towel, and then washed in running water.
Material was stored in water overnight. On the next day, the epidermis was removed
from the pieces of plant tissue and semi-permanent slides for light microscopy were
made using glycerine gelatine. The trichome lengths were measured using light
microscopy (microscope Carl Zeiss with digital camera CCD Sony DXC-950P or Axio
Cam MRc, Carl Zeiss Vision) and computer program KS 400 or Axiovision 3.1 for
image analysis (Carl Zeiss Vision). On every slide, up to 20 simple and 20 blunt
trichomes were measured.
For scanning electron microscopy (SEM) of trichomes on fresh plant material of
Epilobium hirsutum, pieces of leaf, stem and fruit tissue were fixed in 1%
glutaraldehyde and 0.4% formaldehyde in a 0.1 M cacodylate buffer. Later, they
were washed in a 0.1 M cacodylate buffer, dehydrated with ethanol and then dried in a
critical point dryer. Samples were coated with gold and observed with an scanning
electron microscope (JEOL 840A, JEOL Ltd., Japan).
The glandular activity of trichomes was observed with a stereomicroscope on fresh
material of Epilobium hirsutum and E. parviflorum collected in the field in Ljubljana,
Slovenia (voucher specimens are deposited in the herbarium LJU, numbers 10020418
and 10033317).
The determination key was tested on herbarium material from herbaria M, MSB,
WU, ZA, ZAHO and SOM; an unequivocal determination was possible in all cases.
Results and discussion
Trichome morphology and glandular activity
Two types of trichomes were easily recognized in both fresh and herbarium
Epilobium material: tapering trichomes with gradually tapering apices and blunt
trichomes with rounded tip (Fig. 1). Tapering trichomes were simple and unicellular,
with usually partly papillose surface. They were appressed or patent and differed in
length and curvature. Obviously, they did not have any glandular activity. Blunt
trichomes were unicellular and of two types. The most common type was long and
patent (Fig. 1a) and possessed a glandular activity, visible on fresh material as small
droplets of exudates on the trichome apices (Fig. 2a). After exudate secretion, a scar
remained on the apex. The second type of blunt trichomes had a similar basic shape, but
it was always shorter and tightly appressed to the epidermis (Fig. 1b); no glandular
activity was detected.
To our knowledge, this is the first direct observation of glandular activity on
trichomes of the genus Epilobium, although some authors had previously described
trichomes of the blunt type as glandular, and the simple tapering ones as non-glandular
(Saukel 1982; Fischer and Adler 1994; Smejkal 1997).
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Fig. 1. Light micrography of (a) stem epidermis of Epilobium montanum showing tapering and
blunt trichomes typical for many Epilobium species, and (b) fruit epidermis of Epilobium
collinum showing blunt trichomes typical for Epilobium collinum and E. obscurum.

Fig. 2. Blunt trichomes on stem of E. hirsutum. (a) Small droplets of exudates on the trichome
apices visible on fresh material, showing the glandular activity of cuneate trichomes. (b) SEM
micrography of blunt trichomes.

Distribution and density of trichomes
Simple tapering trichomes were present in all 14 Epilobium species (Tab. 1), but
their distribution differed among species. In general, the upper parts of plants with
inflorescences, calyces and fruits were more densely covered with tapering trichomes
than the lower parts. The exceptions were E. hirsutum, which possessed only few
tapering trichomes on the upper parts, and E. parviflorum, without tapering trichomes
on the upper parts.
In all studied species from the Synstigma group except for E. lamyi and E. palustre,
the tapering trichomes were arranged on stems in longitudinal rows. Between rows,
stems were glabrous. These trichome rows were not present in inflorescences. The
distribution and density of tapering trichomes were similar in calyces and fruits.
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Tab. 1. Distribution of tapering trichomes on selected parts of Epilobium plants. Symbols indicate
the trichome density and arrangement: no trichomes;  few trichomes may be seen occasionally; + trichomes present; ++ surface densely covered with trichomes; L trichomes arranged in
longitudinal rows.
Species

Stem

Inflorescence

E. alpestre
E. alsinifolium
E. anagallidifolium
E. ciliatum
E. collinum
E. hirsutum
E. lanceolatum
E. montanum
E. nutans
E. obscurum
E. palustre
E. parviflorum
E. roseum
E. lamyi
E. tetragonum s. str.
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The density of blunt trichomes was also greater on upper plant parts than on lower
parts. Their distribution and density was similar on the epidermis of inflorescences,
calyces and fruits (Tab. 2) but differed between young and mature leaves. In some of the
14 Epilobium species, scattered appressed blunt trichomes were present only on very
young leaves and completely absent from mature leaves (Tab. 2).
Long and patent blunt trichomes were characteristic for Epilobium alpestre, E.
alsinifolium, E. anagallidifolium, E. ciliatum, E. hirsutum, E. montanum, E. nutans, E.
palustre, E. parviflorum and E. roseum (Figs 1a, 2; Tab. 2). Shorter and appressed blunt
trichomes were detected only in E. collinum and E. obscurum. Especially on the fruits
of these two species, the blunt trichomes were often densely covered by tapering trichomes, and therefore almost imperceptible. E. tetragonum s. str. and E. lamyi did not
have any blunt trichomes.
Trichome length
The length of tapering trichomes ranged between 0.06 and 2.1 mm. The longest
trichomes, with a length over 1 mm, were detected on the epidermis of E. hirsutum.
However, over 0.4 mm long trichomes were also present in E. parviflorum. All other
species had similar distributions of trichome lengths (Fig. 3a).
Blunt trichomes were generally shorter than tapering ones, with length between 0.06
and 0.36 mm (Fig. 3). The shortest blunt trichomes were present in E. collinum
(Fig. 3b), while the longest ones were present in E. parviflorum. E. collinum is the only
species that reliably differs from many other Epilobium species in length of blunt
trichomes (Fig. 3b).
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Tab. 2. Distribution of blunt trichomes on selected parts of Epilobium plants. Symbols indicate the
trichome density and arrangement: no trichomes;  few trichomes may be seen occasionally; +
trichomes present; ++ surface densely covered with trichomes; L trichomes arranged in longitudinal rows, * appressed type of blunt trichomes.
Species

Stem

Inflorescence

Fruit

Calyx

E. alpestre
E. alsinifolium
E. anagallidifolium
E. ciliatum
E. collinum
E. hirsutum
E. lanceolatum
E. montanum
E. nutans
E. obscurum
E. palustre
E. parviflorum
E. roseum
E. lamyi
E. tetragonum s. str.
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Fig. 3. Length of (a) tapering and (b) blunt trichomes of Epilobium species from measurements
on numerous herbarium specimens. Boxes indicate first quartile; median and third quartile; the
vertical lines extend up to the 5th and 95th percentiles; Other symbols: average; x 1st and 99th
percentile, minimum and maximum. Distributions are based on pooled data from measurements on stems, fruits and leaves.

Evaluation of taxonomic relevance
Simple tapering trichomes and two types of blunt trichomes were found in all studied European taxa of Epilobium. Although the length of tapering trichomes is a
frequently used character in determination keys (Raven 1980; Holub and Kmetova
1988; Stace 1991; Fischer and Adler 1994; Smejkal 1997), the present study revealed
that the general presence and similar length of tapering trichomes makes these traits
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unsuitable as a discrimination criterion among European Epilobium species. However,
their distribution on the plant can be used for determination. In contrast, the distribution and types of blunt trichomes proved to be reliable additional characters for
the proper determination within the genus. In particular, the shortest blunt trichomes
among the examined Epilobium species can be used as a character for distinguishing
among the frequently misidentified species E. montanum and E. collinum. Likewise,
the length of blunt trichomes can be applied for the discrimination between E. anagallidifolium and E. alsinifolium, species that grow in similar habitats. Two pairs of
Epilobium species: E. roseum/E. alpestre and E. montanum/E. lanceolatum do not
differ in trichome distribution, abundance and length but differ in many macro-morphological and ecological characters.
Some methodic problems may occur. E. collinum and E. obscurum have blunt
trichomes that can be easily overlooked. Especially in E. obscurum, the blunt trichomes
are often hidden under a dense indumentum of tapering trichomes. The blunt trichomes
are best visible with stereomicroscope (20 M magnification) on the calyx and fruit.
Additionally, it is important to know that only mature leaves are appropriate for trichome observations because they are the only ones with fully developed trichomes. The
presence of long patent blunt trichomes can be detected with unaided eye, especially on
fresh material. For a detection of the appressed type, a hand lens with minimum of 15 M
magnification is needed.
Conclusions
Overall, the length, distribution and abundance of the trichomes prove to be useful
characters for a reliable discrimination among Epilobium species and may help to
resolve many problems with the determination of morphologically very similar species.
It is possible to identify incomplete specimens, e.g. plants before flowering, plants in
late autumn after flowering, incomplete specimens from herbarium collections and
fragments of plants in drugs using a determination key based on the trichome characACHTUNGREteristics. The key also enables to avoid a time-consuming preparation of dry flowers.
Our results encourage further research with additional species and the extension of the
study to hybrids in the genus.
Zusammenfassung
Die Anordnung und Morphologie der Haare von 14 europGischen Epilobium Arten
wurde untersucht, um ihre taxonomische Bedeutung und Eignung als Bestimmungsmerkmale zu beurteilen. Drei verschiedene Haarformen wurden ermittelt. Spitze
Haare ohne glandulGre AktivitGt kamen bei allen NberprNften Arten vor, aber es gab
offensichtliche Unterschiede bezNglich ihrer Verteilung auf der Pflanze. Die abgerundeten Haare waren entweder gerade abstehend oder an der Basis gekrNmmt. Nur
die abstehenden Haare hatten eine DrNsenfunktion. Die abgerundeten Haare waren
nicht bei allen NberprNften Epilobium-Arten vorhanden. Die beobachteten Merkmale
ermçglichten eine eindeutige Unterscheidung der meisten untersuchten EpilobiumArten und wurden in einem BestimmungsschlNssel zusammengefasst.
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Academia, Praha, 99 – 132.
Snogerup S. 1982. A new species of Epilobium (Onagraceae) from Northern Greece. Wildenowia 14: 227 – 229.
Stace C.A. 1991. New Flora of the British Isles. Cambridge University Press, Cambridge.
Vitalone A., Guizzetti M., Costa L.G. and Tita B. 2003. Extracts of various species of Epilobium
inhibit proliferation of human prostate cells. J. Pharm. Pharmacol. 55: 683 – 690.

Appendix. Dichotomic determination key for Central European Epilobium species
using trichome morphology
The following determination key for Epilobium species is based only on the presence of trichome types, their distribution and length. It is applicable for the determination of incomplete plant material or when only a single specimen is available. A
stereomicroscope with 20 M magnification is needed for a reliable determination.
All native species of Epilobium from Central Europe and the widespread naturalized North American species E. ciliatum are included in the determination key, so it is
appropriate for determination of Epilobium species in Central Europe. Two species
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from the Balkan Peninsula, E. gemmascens and E. vernonicum, and one from western
Europe, E. duriaei, are not included in the determination key. All three species are rare
and can be found only in small local populations at high altitudes.
The determination key does not include species from genus Chamerion (Epilobium
sect. Chamaenerion). They can easily be determined using macro-morphological characters, and a determination key based on micro-morphologicalcharacters has already
been published by Saukel (1983a).
1.
1.
2.
2.
3.
3.
4.
4.

5.
5.
6.
6.
7.
7.
8.
8.
9.
9.
10.
10.
11.
11.
12.
12.

Plant completely without obvious patent blunt trichomes
Plant with visible patent blunt trichomes
Plant covered only with tapering trichomes
Plant covered by at least some very inconspicuous appressed blunt trichomes present on the fruit and/or calyx
and/or adaxial leaf surface
Stem uniformly covered with tapering trichomes; leaf
margins and primary vein pubescent
Stem  glabrous (but can be pubescent in the inflorescence!); only few trichomes on the longitudinal ridges;
leaves glabrous
Stem trichomes arranged in longitudinal rows: adaxial leaf
surface of young leaves without appressed blunt trichomes;
blunt trichomes on the calyx and fruit 0.10 – 0.16 mm long
Stem uniformly covered with tapering trichomes; adaxial
leaf surface of young leaves with some appressed blunt
trichomes; blunt trichomes on the calyx and fruit 0.08 – 0.11
mm long
Adaxial leaf surface densely covered with tapering trichomes
Tapering trichomes on the adaxial leaf surface absent or
present only on the veins and/or leaf margin
Upper part of plant without tapering trichomes, but densely
covered with the blunt trichomes
Upper part of plant with tapering and blunt trichomes
Some tapering trichomes longer than 1 mm
All tapering trichomes shorter than 0.5 mm
Stem uniformly covered with trichomes
Stem trichomes arranged in longitudinal rows
Some tapering trichomes longer than 1 mm
All tapering trichomes shorter than 0.5 mm
Blunt trichomes on the calyx, fruit and stem frequent and
patent, 0.10 – 0.17 mm long
Blunt trichomes on the calyx, fruit and stem short, appressed and inconspicuous, 0.08 – 0.11 mm long
Adaxial side of the central leaf vein glabrous
Adaxial side of the central leaf vein at least with some trichomes
Fruit densely covered with tapering trichomes
Fruit covered only with some tapering trichomes and more
numerous blunt trichomes

2
5
3
4
E. lamyi
E. tetragonum s. str.
E. obscurum
E. collinum

6
8
E. parviflorum
7
E. hirsutum
E. palustre
9
11
E. hirsutum
10
E. montanum or E.
lanceolatum
E. collinum
12
14
13
E. anagallidifolium
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13. Upper part of plant and fruit densely covered with the blunt
trichomes
13. Upper part of plant and fruit with scattered blunt trichomes
14. Leaf margin glabrous
14. Leaf margin pubescent
15. Short, appressed and inconspicuous blunt trichomes present only on the calyx and fruit
15. Blunt trichomes longer, patent and present on all upper
parts of plant
16. Calyx and fruit with scattered tapering and blunt trichomes
16. Calyx and fruit densely covered with tapering and blunt
trichomes

E. ciliatum
E. nutans
E. anagallidifolium
15
E. obscurum
16
E. alsinifolium
E. alpestre or E. roseum

