
The Lichenologist 39(6): 567–572 (2007) � 2007 British Lichen Society
doi:10.1017/S0024282907005907 Printed in the United Kingdom

In vitro inhibition of soredial growth in the epiphytic lichen
Physcia tenella (Ascomycetes: Lecanorales) by a variety of bark

phenols

Ricarda KOOPMANN, Henning STEVENS, Isabelle FRANZEN-REUTER,
Jan-Peter FRAHM and Manfred GROTE

Abstract: The in-vitro growth rate of soredia from the epiphytic lichen species Physcia tenella was
tested at different concentrations of phenols added in an in vitro experiment designed to evaluate the
allelopathic effects of bark derived substances in stem flow. The conditions used were designed to
resemble those found on bark of Populus�canadensis, as this tree species has been widely used for
lichen mapping studies in Germany. Bark phenolic glycosides, flavonoids and tannins undergo
hydrolytic decomposition in stem flow, resulting in a variety of monomeric phenolic acids, aldehydes
and alcohols. Eleven phenolic substances of different biosynthetic origin in the concentration range
between 10�6 M and 10�3 M in the culture medium were tested. IC50 values were calculated for
each substance. Inhibition was highest for catechol, substituted phenolic glycosides, benzoic and
ellagic acids, moderate for flavonoids, gallic acid, salicylic alcohol, salicylic aldehyde and low for
salicylic acid. The tests show that bark phenols in natural concentrations inhibit soredial growth of the
test species Physcia tenella and therefore have an influence on the growth of lichens on trees.
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Introduction

In allelophysiology, plant derived secondary
phenolic metabolites are studied because of
their role as germination inhibitors (Evenari
1949; Follmann & Nakagawa 1963; Frahm
et al. 2000), while their antimicrobial and
antifungal activity have important implica-
tions in development of resistance against
plant pathogens (Butin & Loeschke 1969).
The allelopathic effects of endogenous or-
ganic lichen compounds on the in vitro
growth of algal cells and on bryophytes have
already been shown (Backor et al. 1998;
Frahm et al. 2000). Epiphytic lichens may
be influenced markedly by soluble, bark-

derived substances in stem flow and
throughfall.

Leachates originating from tree bark con-
tain a variety of plant metabolites of different
biosynthetic origin: sugars and sugar
alcohols, amino acids, nutrient ions and
secondary metabolites, such as phenols
or alkaloids (Fengel & Wegener 1984).
Barkman (1958) mentions bark chemicals
as one of several factors in his classification
of ecological and chemical factors, which
are important for epiphytic lichen growth.
Unlike the impact of bark pH or total elec-
trolyte capacity, variations in secondary
metabolites in bark have been little studied
(Gauslaa 1985; Bates & Brown 1981) with
the few studies that have been undertaken
focusing on ecological data in relation to
total tannin contents of bark. In general,
abundance and composition of epiphytes
are strongly correlated to mineral elements,
pH and nutrients in bark (Gaussla 1985;
Gustaffson & Erikkson 1995). However,
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there are contradictory field results on the
relationships between epiphyte cover and
tannin concentrations in bark, which may
vary with tree age and annual precipitation
rates (Gaussla 1985; Bates & Brown 1981;
Koopmann 2005). The effects of water-
based bark extracts on lichen asco-
spore germination have been investigated
(Pyatt 1973; Ostrofsky & Denison 1980)
and both enhancement and inhibition were
found, depending on the extract tested, the
method of extract preparation and the lichen
species tested.

Physcia tenella (Scop.) DC. (Lecanorales,
Ascomycetes) is an abundant epiphyte on
the tree species Populus�canadensis (L.)
Moench, so that we expected differential
responses of soredial growth to phenolic
metabolites in Salicaceae and used it as a test
species. In the present study we have used
distinct organic compounds known from
Salicaceae to evaluate growth inhibition of
lichen soredia of the test species in vitro.
Of the substances used, salicortin and
tremulacin were extracted from tree bark.
Additional phenolic metabolites such as
salicin, salicylic alcohol, salicylic aldehyde,
salicylic acid, catechin, catechol, gallic acid,
ellagic acid and benzoic acid were purchased
as synthetic compounds (Fig. 1).

Material and Methods

Material

For isolation of salicortin and tremulacin, two to
three year old saplings of Populus�canadensis were
purchased from a tree nursery near Hannover in
February 2004. After two days of plant storage at 10(C,
the stems were cut into pieces of about 3 cm in length
(total maximum stem length was 1·50 m), and dried in
an oven at a maximum temperature of 33(C for 4 days.
This material was used without further separation of
wood and bark.

The epiphytic lichen Physcia tenella was collected in
May from 60 year old cherry and apple trees near
Gummersbach (51(06#N, 7(40#E) and stored in a
paper bag at room temperature. Soredia for in vitro
germination were used fresh one day after collection of
thalli, and were isolated by scraping the tissue gently
with a steel needle. The lichen was collected from tree
species other than from Populus, as they were easily
accessible and we did not expect to see any difference in
growth characteristics between Physcia tenella soredia
obtained from different trees.

Isolation of Salicortin and Tremulacin

Dried twigs (175 g) of Populus�canadensis were
extracted three times with 0·5 l methanol at room
temperature for 1 h in an ultrasonication bath. After
evaporation of methanol at a maximum temperature of
50(C, the dark green crude extract was subjected to
preparative column chromatography using silica gel 60
(mesh: 0·063–0·2 mm). The solvent used was dichlor-
methane/ethyl acetate/methanol/water (50/30/20/5).
Fractions were evaporated to dryness, yielding a honey-
coloured compound with a purity <85% (estimate from
TLC spot intensity). Phenolic glycosides could be
detected on TLC plates by their red coloured spots after
spraying with 10% sulphuric acid in ethanol in contrast
to other phenols with brown spots. Synthetic D-(-)-
salicin was chosen as a standard (relative retention
time=1·0), which had a lower Rf value than the isolated
salicylates: tremulacin (this study: RRT=2·1�0·2;
Meier (1988): RRT=2·3�0·2) and salicortin (this

F. 1. Chemical structures of salicylates and their
metabolites used in the soredia growth test. A, salicin;
B, salicortin; C, tremulacin; D, salicylic alcohol; E,
salicylic aldehyde; F, salicylic acid; G, catechol; H,

benzoic acid.
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study: RRT=1·4�0·2; Meier et al. (1988): RRT=
1·4�0·2). EI-MS spectra were used to confirm basic
structural features (data not shown).

Preparative column chromatography was carried out
using a glass column with an internal diameter of 6 cm
and a length of 34 cm (=960 cm3) connected to a
fraction collector.

TLC analysis was done using Macherey & Nagel
10�5 cm Alugram SIL UV 254 sheets and the eluent
described in the isolation procedure.

Assessment of soredial growth

A 0·8% agar was prepared containing 4 ml of the
following nutrient solution: 0·1 g l�1 KCl; 1·5 g l�1

NH4NO3; 0·1 g l�1 MgSO4; 0·5 g l�1 KH2PO4;
0·04 g l�1 CaSO4; 2 ml l�1 (containing 1·35 g l�1

FeCl3; 1·86 g l�1 EDTA); 2 ml l�1 of a trace element
solution pH 4·6 (Hauck et al. 2002a) (containing:
2·68 g l�1 H3BO3, 1·18 g l�1 MnCl2.4H2O, 0·22 g
l�1 ZnSO4.7H2O, 0·012 g l�1 MoO3, 0·079 g l�1

CuSO4.5H2O). The agar solution was adjusted to pH
6·0 with 1 M HCl.

Aliquots of 150 ml of the culture medium were
prepared and sterilized in Erlenmeyer flasks, sufficient
for preparation of 5 conventional sterile Petri dishes
with a diameter of 8·5 cm. Phenols were weighed and
added in solid form to the culture medium after cooling
to 40–50(C. A total of eleven compounds each at
four different concentrations (in the final agar
solution): 5�10�3 M; 5�10�4 M, 5�10�5 M and
5�10�6M were tested. Each concentration of added
phenol was tested on five replicate plates. After solidi-
fication of the agar plates, 15 �l of suspended soredia in
sterile water was added to the surface of the agar and
spread with a sterile loop. Plates were sealed with
parafilm and incubated at 23(C for 7 days under a 12 h
light/12 h dark regime using a natural light intensity.
Growing soredia characterized by a small whitish ring of

hyphae around the central core, were counted and
soredial growth rate was expressed as % growth com-
pared to control plates without the addition of phenols.

The inhibitory concentration resulting in 50% sore-
dial growth compared to control (‘‘IC50’’) was calcu-
lated from regression lines using the mean results for
three different concentrations of each compound,
representing high, medium and low inhibition rates.

Results

All phenolic compounds tested inhibited the
growth of soredia from Physcia tenella but
there were marked differences between com-
pounds in relative toxicity (Tables 1 & 2).
Concentrations needed to obtain 50% inhi-
bition of soredial growth varied from 10�3

to 10�6 M. Both hydrophobic (ellagic acid)
and hydrophilic (benzoic acid) phenols are
effective growth inhibitors at pH 6·0 with
IC50 values <10�4 M. Toxicity is highest
for the main endogenous phenolic glycoside
in young saplings of Salicaceae, tremu-
lacin (IC50=<1�10�6 M) and its main
degradation products, catechol (IC50=1�
10�5 M) and benzoic acid (IC50=2�
10�5 M). The biosynthetic precursors of
tremulacin, salicortin and salicin, both with
IC50 values of 4�10�5 M are strong
inhibitors. Salicylic aldehyde, salicylic
alcohol (Fig. 2) and (+)-catechin are mod-
erate inhibitors with IC50 values varying

T 1. Soredial growth of Physcia tenella in the in vitro growth assay

Substance

% growth*

5�10�6 M 5�10�5 M 5�10�4 M 5�10�3 M

Tremulacin 38 (�10)† 27 (�10) n.a. n.a.
Salicortin 100 (�25) 38 (�10) 34 (�9) n.a.
Salicin 100 (�25) n.a. 40 (�10) 31 (�8)
Catechin 100 (�25) 77 (�20) 40 (�10) 4 (�2)
Salicylic alcohol 100 (�25) 69 (�17) 40 (�10) 15 (�4)
Benzoic acid 100 (�25) 19 (�5) 0 (�2) n.a.
Catechol 58 (�15) 31 (�8) 8 (�2) n.a.
Gallic acid n.a. 100 (�25) 64 (�16) 15 (�4)
Ellagic acid 100 (�25) 19 (�5) 12 (�4) n.a.
Salicylic aldehyde n.a. 90 (�23) 12 (�4) 0 (�2)
Salicylic acid n.a. n.a. 100 (�25) 0 (�2)

*Data are expressed as mean of five replicates �standard error; † % growth measured at 1�10�6 M; n.a. not
analyzed.
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from 1·8–4�10�4 M. Gallic acid and sali-
cylic acid with IC50 values of 1·7�10�3 M
and 2�10�3 M, respectively, are weak
inhibitors of soredial growth when compared
to the other salicylates.

Discussion

In this study we used substances represen-
tative of the whole spectrum of phenolic
metabolites and their biodegradation prod-
ucts occurring in bark of Salicaceae. We also
added the naturally occurring substituted
salicylates (salicortin, tremulacin and sal-
icin) and their degradation products (cat-
echol, benzoic acid and salicylic aldehyde) to

the agar medium. Nevertheless, it has to be
kept in mind that all species-specific second-
ary metabolites reported from Salicaceae
have been isolated from young tissue, mainly
leaves, twigs or bast (Julkunen-Titto 1989).
The spectrum of phenolic constituents in
cork layers of Populus spp. of known age has
not yet been investigated. Comparable
studies on cork extracts of Quercus suber,
show a complex spectrum of extractable
suberin and lignin derived phenols and
polysaccharides (Cordeiro et al. 2002). We
used two year old trees for isolation of
phenolic constituents since major phenols
from twigs and saplings are chemically well
characterized, and, because these constitu-
ents are likely to produce biodegradation
products in aged cork layers and in stem
flow. Gallic and ellagic acid were included in
our study, because they are widespread in
woody plants though ellagic acid does not
occur in Salicaceae (Hegnauer 1962).

The highest toxicity in our test system was
found for both hydrophilic (tremulacin,
benzoic acid) and hydrophobic (ellagic acid)
phenolic compounds. Previous studies
focusing on antifungal components of Popu-
lus spp, indicated high toxicity both for
phenolic glycosides and their degradation
products, benzoic acid and catechol (Olsen
et al. 1971; Butin & Loeschke 1969) but did
not analyze the effects of hydrophobic
metabolites.

Aromatic aldehydes and phenolic
hydroxyls are biochemically reactive towards
amino groups, both in biopolymers, such as
proteins, DNA and chitin and in related
monomers, for example amino acids, DNA
bases or N-acetylglucosamine. Structural
alterations of polymers and formation of
toxic metabolites such as aromatic amines
inhibit cell division and differentiation.
Furthermore aromatic allelochemicals act as
chelating agents, interacting with metal ions
in biochemical complexes, such as enzymes
or membrane bound systems of energy and
light acquisition (Parlar & Angerhöfer
1991).

Lichen fungi can produce gelatinous
layers around hyphae, which are not in ulti-
mate contact to algal cells. Algal cells in

T 2. IC50-values for selected phenols on the in vitro
growth assay on soredia of Physcia tenella

Chemical substance IC50 (mol l�1)�10�6 M

Tremulacin <1
Catechol 10 (�3)
Benzoic acid 20 (�5)
Ellagic-acid 20 (�5)
Salicortin 40 (�10)
D-(-)-Salicin 40 (�10)
Salicylic aldehyde 180 (�50)
Salicylic alcohol 300c (�100)
(+)-Catechin 400c (�100)
Gallic-acid 1700c (�300)
Salicylic acid 2000c (�500)

IC50 values are given as 50% inhibition compared to
growth on control plates.

F. 2. IC curve of salicylic alcohol.
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lichen symbiosis are surrounded by a tri-
laminar layer, containing an amorphous,
polysaccharide derived matrix (Lawrey
1984; Honegger & Bartnicki-Garcia 1991).
Therefore it can be assumed, that allelo-
chemicals acting on mature lichen thalli
initially react with matrix compounds. In
contrast, soredia are composed of undiffer-
entiated algal and fungal cells (Lawrey
1984) and therefore are highly susceptible to
the uptake of allelochemicals. Early stages of
plant development are one of the main
research areas in the field of allelophysiology
(Evenari 1949) and further work on lichen
establishment and growth are necessary to
reveal, whether studies on phanerophyte
development are relevant for the lichen
symbiosis.

Mature lichen thalli are exposed to allelo-
chemicals from bark by direct attachment of
lichen rhizines to the outer cork layer and by
leachable components of bark in stem flow.
Eighty year old trees of Populus�canadensis
have a bark pH of 6·0 (Franzen 2001). In
lichen mapping studies focusing on air pol-
lution, tree species with acidic and neutral to
subneutral bark are considered as a distinct
group, because they host different lichen
communities (VDI 2005). Stability of phe-
nolic glycosides and net charge of carboxylic
acids, such as benzoic or gallic acid will be
altered at acidic pH, so that IC50 values
obtained in our study can not be used to
indicate allelopathy on trees with acidic
bark. Furthermore, each tree species con-
tains specific endogenous phenols in bark,
that contribute to stem flow chemistry by
leaching processes. In Salicaceae phenolic
glycosides represent less than 1% of dry
weight of bark in saplings, while the quantity
of total phenols is about 5% (Julkunen-Titto
1989). Salicylates, such as tremulacin and
salicortin are easily degraded in aqueous or
buffered solution (Ruuhola et al. 2003). The
resulting catechol, benzoic acid and salicin
were shown to be potent inhibitors of sore-
dial growth in our test system. Therefore the
highest toxicity of the species specific tremu-
lacin and salicortin in aqueous nutrient
solution can be attributed to the combined
action of their degradation products. Leach-

able degradation products from widely
occurring tannins and proanthocyanidines,
such as gallic acid and catechin, are
less potent inhibitors of soredial growth
(Table 1). Tertiary growth of the cork layer
in old trees leads to the formation of dead,
suberinized and air filled cork cavities
(Fengel & Wegener 1984). The content of
total acetone soluble phenols in the outer
0·5 cm of the cork layer of 80 year old
Populus�canadensis amounts to about 0·6%
by mass (Koopmann 2005) corresponding
to 4�10�5 mol gallic acid equivalents. In-
hibition of soredial growth in vitro was
measured at concentrations ranging from
10�6 M to 10�3 M in agar–nutrient solu-
tion. Our in vitro test can be used as a model
system for natural conditions occurring on
outer bark of Populus�canadensis. Further
studies might be directed to an analysis of
susceptibility of rare and abundant lichen
species towards certain bark allelochemicals
and the relationship between bark allelo-
chemicals and epiphyte cover.

We thank Brian O’Shea for correcting the English text.
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