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Phyllosphere fungi, in particular, endophytic
micromycetes, which are thought to include mildly
pathogenic and saprotrophic species of the genera
Altermaria, Colletotrichum, Phoma, and Phomopsis,
have lately been attracting researchers' attention as
potential producers of biologically active compounds.
Several recent reviews describe the structure and prop�
erties of bioactive metabolites produced by endo�
phytes whose hosts are mostly either medicinal plants
or trees of tropical forests [1−4]. However, fungi from
the phyllosphere of weeds and wild herbaceous plants
have been insufficiently studied.

In the present work, 30 isolates of anamorphic
ascomycetes (both phytopathogenic and endophytic)
obtained from above�ground organs of weeds and wild
plants were screened to identify potential producers of
bioactive compounds. By choosing this group of fungi,
we aimed to address several tasks: (1) to search for pro�
ducers of herbicidal, antimicrobial, and insecticidal
metabolites; (2) to evaluate the environmental safety
of potential mycoherbicides; (3) to investigate the role
of fungal secondary metabolites in the biocenosis of
the herbaceous plant phyllosphere.

MATERIALS AND METHODS

The study was performed with 30 fungal isolates
from the pure culture collection of the Mycology and
Phytopathology Laboratory of the Institute of Plant
Protection, including nine endophytes and 21 phyto�
pathogens. Cultures were stored at 5°С on a standard
potato glucose agar (PGA) medium. To obtain the
inocula, fungal strains were grown on PGA for 2 weeks

at 24°С. The fungal species studied are listed in the
table.

Antimicrobial properties of fungi were studied
using the following microorganisms: gram�negative
Pseudomonas syringae pv. lachrymans strain 11 (Insti�
tute of Phytopathology), gram�positive Bacillus subti�
lis strain VNIISKM 78, and Candida tropicalis. They
were cultured on PGA at 30°С.

Phytotoxic activity of fungal extracts was tested on
cut�off leaves of Arabidopsis thaliana and 4�cm�long
leaf fragments of couch grass (Elytrigia repens). Plants
were grown in pots containing a standard soil mixture
at 24°С (day) and 20°С (night) with artificial illumi�
nation (16 : 8 h). Cut leaves were incubated in a humid
chamber, i.e., a transparent plastic container lined
with moist filter paper.

To perform a primary screening for producers of
antibiotic compounds using the agar block method,
fungi were cultured on three media containing 1.5%
agar–agar: PGA, Czapek’s medium supplemented
with vitamins (CZA), and yeast extract–peptone–
glucose (YEPG) medium. Fungi were incubated at
24°С for 3 weeks.

For liquid�surface cultures, fungi were grown in
liquid YEPG. The medium (100 mL in 500�mL coni�
cal vessels) was sterilized at 109°С for 30 min and
inoculated with a 5�mm bullet excised at the border of
the plated culture. Fungal cultures were incubated at
the constant temperature of 24°С for 14 days without
shaking.

Fungal extracts were obtained by filtering the cul�
tural liquid (100 mL) to remove the mycelium and
thrice extracting the liquid with 50, 100, and 150 mL
of methylene chloride. The extracts were combined
and dehydrated by filtering through water�free sodium
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sulfate. After the solvent was evaporated, the solid res�
idue was weighted and its biological activity was ana�
lyzed.

Antibiotic activity of extracts was assessed using the
standard agar block and paper disk techniques (100 µg
extract per disk) [5]. Phytoxicity of 5 mg/mL extract
solutions was determined using the leaf disk method
[6]. Contact insecticidal activity of 0.4% extract solu�
tions was assessed in larvae of the vetch aphid [7].

Experiments were performed in at least three repli�
cates. Mean values were compared using the least sig�

nificant difference test (LSD) at the probability
level of 95%. Calculations were performed with Statis�
tica 6.1.

RESULTS AND DISCUSSION

Evaluation of antimicrobial activity using the agar
block method. We found that antimicrobial activity
against the three test microorganisms—as assessed
using the agar block method—varied significantly
among the 30 fungal isolates. Antibacterial activity was

List of fungal isolates studied

Species Isolate Ecological group Host plant Geographical origin

Acremonium sp. 16.5 Endophyte Convolvulus arvensis St. Petersburg

Epicoccum nigrum 5.14 Endophyte Cirsium arvense Leningrad oblast

Vermicularia sp. 13.20 Endophyte Heracleum sosnowskyi Leningrad oblast

Botrytis cinerea 47.1 Phytopathogen Galinsoga parviflora Sumy oblast, Ukraine

Sclerotinia sclerotiorum Scl Phytopathogen Cannabis sativa Penza oblast

Ascochyta chenopodiicola 17.28 Phytopathogen Chenopodium album Penza oblast

Bipolaris sorokiniana 39.3 Phytopathogen Atriplex sp. Penza oblast

Chaetopyrena sp. 52.2 Endophyte Chenopodium album Harbin, China

52.5 Endophyte Convolvulus arvensis Krasnodar krai

Colletotrichum gloeosporioides 13.3 Phytopathogen Galinsoga parviflora Sumy oblast, Ukraine

Coniothyrium sp. 53.6 Endophyte Chenopodium album Harbin, China

Passalora dubia 38.23 Phytopathogen Ch. album Samara oblast

Phoma sp. 9.247 Phytopathogen Artemisia vulgaris Vladivostok

17.19 Phytopathogen Convolvulus arvensis Chui oblast, Kyrgyzstan

32.49 Phytopathogen Chenopodium sp. Penza oblast

32.97 Phytopathogen Arctium tomentosum Khabarovsk krai

32.136 Phytopathogen Arctium sp. Irkutsk

22.2 Phytopathogen Chenopodium urbicum Oryol oblast

22.5 Phytopathogen Ch. urbicum Krasnodar

32.137 Phytopathogen Chenopodium sp. Irkutsk

17.18 Phytopathogen Ch. album Leningrad oblast

17.52 Phytopathogen Ch. album Lipetsk oblast

Septoria atriplicis 9.105 Phytopathogen Ch. album Harbin, China

S. calystegiae 9.301 Phytopathogen Calystegia sepium St. Petersburg

9.302 Phytopathogen Convolvulus arvensis Derbent, Dagestan

Stagonospora convolvuli 9.296 Phytopathogen C. arvensis St. Petersburg

Phomopsis asteriscus 61.4 Phytopathogen Heracleum sibiricum Leningrad oblast

Ph. albicans 32.22 Endophyte Lepidotheca suaveolens Valaam, Karelia

Ph. malvacearum 61.2 Endophyte Abutilon theophrastii Primorskii krai

Ph. morphaea 3.1 Endophyte Papaver rhoeas Stavropol krai
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observed in nine isolates (30% of all micromycetes
studied). However, only seven fungal isolates (23%)
were active against both bacterial species tested. On
the whole, the highest level of antibacterial activity was
observed for Ascochyta chenopodiicola 17.28 and
Phoma sp. 22.5 (Fig. 1). The same isolates, along with
Epicoccum nigrum 5.14, strongly inhibited the growth
of Candida tropicalis (Fig. 2).

Antibiotic activity of fungi depended considerably
on the composition of the agar�containing culture
medium. Producers of antibacterial metabolites were
detected best when grown on YEPG, whereas PGA
cultures were best suited to identify antifungal activity.
There was a significant interaction between the
medium composition and the fungal isolate. For
instance, the growth of both species of test bacteria
was inhibited most by A. chenopodiicola 17.28 and
Phoma sp. 17.52 cultures grown in YEPG. Antibacte�
rial properties of Phoma sp. 22.5 were most pro�
nounced in CZA and PGA cultures (Fig. 1a). Epicoc�
cum nigrum 5.14 cultures grown in all three media were
active against Bacillus subtilis but only PGA cultures
were active against Pseudomonas syringae (Fig. 1).
Sclerotinia sclerotiorum inhibited the growth of B. sub�

tilis when cultured on PGA and YEPG, whereas
P. syringae was not at all sensitive to its exometabolites.
Phoma sp. 32.49 inhibited both bacterial species when
grown on CZA and YEPG (Fig. 1a). Cultures of
Stagonospora convolvuli 9.296 and Phomopsis albicans
32.22 grown on YEPG showed weak activity against
P. syringae (Fig. 1b).

The highest antifungal activity was observed for
E. nigrum 5.14 and A. Chenopodiicola 17.28 grown on
PGA and CZA; Phoma sp. 22.5 was active when grown
on PGA and YEPG. Phoma sp. 32.49 showed moder�
ate activity on all culture media used. The growth of
C. tropicalis was also inhibited by S. convolvuli 9.296
and Septoria calystegiae 9.302 (Fig. 2).

These results suggest that screening for potential
producers of antimicrobial metabolites should be per�
formed using different types of growth substrates.

This study has been the first to detect antimicrobial
activity of A. chenopodiicola. Antimicrobial properties
of Ascochyta spp. are usually due to ascochitine, an
azaphilonoid compound [8]. Fungi of the genus
Phoma produce a range of antimicrobial compounds
of various structures [9]. Antimicrobial (in particular,
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Fig. 1. Antibacterial activity of phylloshere fungi against Bacillus subtilis (a) and Pseudomonas syringae (b). Here and in Figs. 2–5, the
results shown differ from control at the significance level of P = 0.05.
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antifungal) properties of the genus Epicoccum have
been reported previously [10] and are currently being
extensively investigated [11, 12]; they are also used for
biofungicide development [13, 14].

Antimicrobial activity of fungal extracts. For most
fungal isolates studied, the yield of extractives from the
culture filtrate did not exceed 50 mg/L. However, for
some isolates (Chaetopyrena sp. 52.2, Phomopsis mor�
phaea 3.1, Ph. asteriscus 61.147, Passalora dubia
38.23, Sclerotinia sclerotiorum, and Phoma sp. 32.49),
the yield of extractives was higher and ranged from 50
to 100 mg/mL. The highest yield was obtained for
Bipolaris sorokiniana 39.3 (175 mg/mL) and Coniothy�
rium sp. 53.6 (402 mg/mL).

Extracts of 13 fungal isolates (43%) significantly
inhibited the growth of B. subtilis; the strongest activ�
ity was observed for the extracts of B. sorokiniana 39.3,
Coniothyrium sp. 53.6, and P. dubia 38.23 (Fig. 3a).

The number of fungal extracts active against
P. syringae was considerably lower: there were eight
such isolates (27%). The growth of P. syringae was
most efficiently inhibited by extracts from culture fil�
trates of Coniothyrium sp. 53.6, Phoma sp. 32.136, and
Phoma sp. 32.137 (Fig. 3b).

Only five isolates (17%) produced extracts that
showed antifungal activity against Candida tropicalis;
among them, extracts of Bipolaris sorokiniana 39.3
and Coniothyrium sp. 53.6 were the most efficient ones
(Fig. 3c).

The results of these experiments did not correlate
with the data on antimicrobial activity of fungi as
assessed using agar blocks. Most probably, this fact
reflects the different chemical nature of antimicrobial
compounds produced by the fungi. Extraction with
methylene chloride results in the isolation of mainly
lipophilic compounds, which cannot easily diffuse
through an agar�containing medium.

In the available sources, there is little information
on antimicrobial properties of B. sorokiniana, a phyto�
pathogenic soil fungus. Some data suggest that it pro�

duces sterigmatocystin, a mycotoxin also possessing
antibacterial activity [15, 16]. Fungi of the genus
Coniothyrium are known producers of bioactive com�
pounds. In particular, a hyperparasitic fungus C. mini�
tans produces a macrolide antibiotic macrosphelide A,
which suppresses the growth of fungi and gram�nega�
tive bacteria [17]. However, the extract of Coniothy�
rium sp. 53.6 was also active against B. subtilis, a gram�
positive bacterium. Antimicrobial properties of Pas�
salora dubia, an agent causing leaf spots in different
Chenopodium species, have not been previously
described. A closely related peanut pathogen,
P. arachidicola, produces dothistromin, an
anthraquinone pigment exhibiting light�dependent
antimicrobial activity [18].

Thus, two different tests of antimicrobial activity
showed that many phyllosphere fungi can produce
antibiotic compounds. Altogether, 57% of fungal iso�
lates studied produced antibacterial metabolites, and
40% of isolates produced antifungal metabolites. On
the whole, antimicrobial metabolites were produced
by six of nine (67%) endophytic fungi and by 11 of 21
(52%) phytopathogenic isolates.

Phytotoxic activity of fungal extracts. Significant
phytotoxic activity against A. thaliana was observed for
14 extracts of fungal isolates (47% of the total num�
ber), and 12 isolates (40%) were active against
E. repens (Fig. 4). Among endophytic fungi, extracts
of five isolates were active against both plant species
tested (56% of all endophytes studied), and there were
ten such isolates among phytopathogens (47%). Inter�
estingly, nearly all phytotoxic extracts also exhibited
antimicrobial properties. Extracts of B. sorokiniana
39.3, Coniothyrium sp. 53.6, and P. dubia 38.23 showed
the highest level of nonselective toxicity in the plants
tested (Fig. 4).

B. sorokiniana is known to produce terpenoid tox�
ins [19]; phytotoxins of P. dubia have not been studied
so far, and dothistromin, the above�mentioned myc�
otoxin of P. arachidicola, is also phytotoxic [18]. We
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did not find any information on the phytotoxic prop�
erties of Coniothyrium spp. in the available sources.

Phytotoxin production is a typical trait of phyto�
pathogenic ascomycetes [20, 21], but it has been little
studied in endophytic fungi. However, our results show
that fungi of this ecological group (e.g., E. nigrum
5.14, Chaetopyrena spp. 52.2 and 52.3, Phomopsis
spp.) are also capable of producing phytotoxic metab�
olites.

Insecticidal activity of fungal extracts. Twelve fun�
gal isolates (40% of the total number) showed a signif�
icant, although rather low, insecticidal activity against
larvae of the vetch aphid. Two of them were endo�

phytic fungi (22% of all endophytes studied) and ten
were phytopathogens (50% of all plant�pathogenic
fungi studied). Only three fungal isolates (Phoma sp.
22.2, Acremonium sp. 16.5, and Colletotrichum
gloeosporioides 13.3) produced extracts that killed at
least 20% of vetch larvae (Fig. 5). These three isolates
also exhibited other types of biological activity
(Figs. 1–4).

It was reported previously that endophytic fungi of
the genus Acremonium can produce alkaloids with
insecticidal properties [22, 23]. In phytopathogenic
Colletotrichum and Phoma spp., insecticidal activity
has been observed for the first time. Insecticidal activ�
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ity was also described in some other endophytic and
phytopathogenic fungi [24, 25].

The technique used in this work to assess insecti�
cidal activity against vetch aphid actually determined
only the contact insecticidal activity of fungal extracts.
However, it was recently reported that phytotoxins of
some micromycetes can possess larvicidal [26] and
deterrent properties [27]. Therefore, further investiga�
tion of insecticidal properties of phytopathogenic and
endophytic fungi should involve a wider range of test
objects and techniques appropriate for assessment of
insecticidal activity of fungal metabolites [28].

Our study showed that phytopathogenic and endo�
phytic fungi of the phyllosphere of weeds and wild her�
baceous plants may exhibit a wide range of biological
activity and produce bioactive compounds. Presum�
ably, these fungi and their metabolites play an impor�
tant role in phyllosphere communities by suppressing
the growth of sensitive microorganisms (e.g., phyto�
pathogenic bacteria) and by affecting the behavior of

phytophagous insects. It seems rather interesting that
the insecticidal potential was higher in phytopatho�
gens than in endophytes, while phytotoxic properties
of endophytes and phytopathogens fungi were similar.
Our study also confirmed that plant�pathogenic fungi
can act as producers of antimicrobial compounds [29].
However, the body of data collected is currently not
large enough to clearly identify the ecological and tax�
onomic groups of fungi most promising for further
screening studies.

Our results should be taken into account during the
development of safety evaluation procedures for
mycoherbicides, which are a priori considered less
dangerous than chemical pesticides. Obviously, inves�
tigation of their potential effects on useful species
should be just as thorough as toxicological evaluation
of chemical pesticides. For instance, metabolites of
Ascochyta caulina, a potential mycoherbicide against
Chenopodium album, were classified as class II hazard�
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ous materials based on toxicological tests in model
species of soil and freshwater animals [30].

On the other hand, biological efficiency of myco�
herbicides may be to a certain degree affected by the
presence of endophytic fungi on particular target
weeds. For instance, E. nigrum 5.14, isolated from
leaves of the creeping thistle, showed a strong antifun�
gal activity. Thus, mycobiota of target weeds requires
detailed investigation, considering both phytopatho�
gens (potential microherbicides) and endophytes
(which protect their hosts from external enemies). For
example, the activity of endophytic fungi inhabiting
grapevines inhibits both saprotrophic and endogenous
microflora [31].
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