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ENDOPHYTIC FUNGI: VI. MYCOBIOTA IN LIVING
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AND IN NECROTIC TISSUES ASSOCIATED
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Abstract

The density and diversity of fungi in living symptomless leaves and in necrotic
areas formed on leaves of Ulmus glabra in association with three gall-making insect
species, Byrsocrypta ulmi, Physemocecis ulmi, and Schizoneura ulmi, are presented. 18
fungal taxa were found in living symptomless leaves, and 25 in necrotic areas. A
tendency for more numerous appearance of some species of fungi in association
with a given gall-maker is pointed out.
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Introduction

Elm leaves may die due to various causes. Most often it is a wilt and necrosis,
which are secondary disease symptoms after vessel clogging in branches infected
by Ophiostoma novo-ulmi Brasier (Brasier 1991). Taphrina ulmi (Fckl.) Johans. be-
longs to fungi directly infecting leaves, and causing their deformation (Pomerleau
1934, Brandenburger 1985). Platychora ulmi (Duv.: Fr.) Petr., Gnomonia ulmea
(Schw.) Thuem., Gloeosporium ulmicola Miles, Asteroma inconspicuum (Cav.) Sutton,
Mycosphaerella ulmi Kleb., and other fungi also infect leaves and cause local necrosis
or premature defoliation (von Arx 1970, Marshall 1940, Pomerleau 1938, Bran-
denburger 1985, Stipes and Campana 1981).

Elm leaves are also often colonized by insects and mites producing galls
(Skuhravy and Skuhrava 1993). Skrzypczynska (2002) found 5830 galls produced
by Aceria ulmicola brevipunctata (Nalepa), Byrsocrypta ulmi (L.), Schizoneura ulmi (L.),
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Janetiella lemeei (Kieffer), and Physemocecis ulmi (Kieffer) on investigated 4000 leaves
of U. laevis Pall. It has been observed that galls on elm leaves are often associated
with necrosis of leaf tissues surrounding them. It is also known that gall-makers
may activate fungi occurring in living leaves as endophytes, or after a damage may
predispose leaves to infection (Butin 1992, Kowalski and Sadtowski 1993, Pehl
and Butin 1994). No such interactions are known in the case of elm leaves. The ob-
jective of the study was to investigate interaction between gall midge on elm leaves
and fungi infecting leaves afterwards.

Material and methods

The leaves of living trees of U. glabra Huds., were collected in the Experimental
Forest in Krynica, Ojcéw National Park, and Tatra National Park during July and
August of 2000-2003. For study of leaf endophytic fungi, isolations were made
from 80 symptomless leaves, 48 h after their collection from trees. Sterilization of
leaf surface was carried out according to the method of Sieber and Hugentobler
(1987). Leaves were submerged in 96% ethanol for 1 min, in hypochlorite contain-
ing about 4% of active chlorine for 3 min, and again in 96% ethanol for 0.5 min.
Subsequently they were dried in a sterile blotting paper. Six fragments (3 X 3 mm)
with veins and tissues between veins were cut out from each leaf. Leaf fragments
were placed on 2% malt agar (Difco) with streptomycin sulphate (200 mg/1) in
Petri dishes and incubated for 8-10 weeks at room temperature, in dark. In total
480 leaf fragments were studied (Table 1). Leaves with galls caused by Byrsocrypta
ulmi, Physemocecis ulmi, and Schizoneura ulmi, were collected from trees in all three lo-
calities. A total of 142 necrotic areas, associated with the galls, were examined un-
der a binocular microscope. The fungi occurring on 70 galls caused by B. ulmi were
studied, irrespective of the presence or absence of necrosis around galls (Table 2).
The fungi were identified on the basis of sporulation on galls and dead leaf tissues.
In a few cases the cultures were obtained from spores in order to compare with cul-
tures grown from symptomless leaves.

Results

The living symptomless leaves of U. glabra were relatively rarely colonized by
endophytic fungi. The latter were found only in 21.9% of leaf fragments (Table 1).
Within 117 cultures of fungi isolated 18 taxa were distinguished. Only seven taxa,
i.e. Triposporium sp., Colletotrichum gloeosporioides, Phomopsis oblonga, Alternaria alter-
nata, Rhizoctonia sp., Cladosporium herbarum, and Apiospora montagnei colonized over
1% of fragments (Table 1). Other fungi occurred in a small percentage. The myce-
lium of Triposporium sp. did not grow on malt agar, but it developed on surface of
leaf fragments placed on the medium after surface sterilization. In such places nu-



Endophytic fungi: VI. Mycobiota in living symptomless leaves... 63

Table 1
Fungi isolated from living symptomless leaves of Ulmus glabra
Experimental|  Ojcow Tatra
Forest National | National Total
in Krynica Park Park
Fungi Number of fragments (leaves) colonized by fungi
\Acremonium sp. 2 2 (0.4)
|Alternaria alternata (Fr.) Keissler 2 1 6 9 (1.9)
|Apiospora montagnei Sacc. 6 6 (1.3)
|Aureobasidium pullulans var. pullulans (de Bary) Arn. 2 1 3 (0.6)
Botrytis cinerea Pers. 2 2 (0.4)
Chaetomium indicum Corda 1 1 2 (0.4)
Cladosporium herbarum Pers.: Fr. 2 4 1 7 (1.5)
Colletotrichum gloeosporioides Penz. 7 4 1 12 (2.5)
Geniculosporium serpens Chesters & Greenhalgh 1 2 3 (0.6)
Hormonema sp. 1 1(0.2)
Lecytophora hoffmannii (Van Beyma) W. Gams & 1 3 4 (0.8)
McGinnis
IMonodictys sp. 1 1(0.2)
Phomopsis oblonga (Desm.) Trav. 2 8 10 (2.1)
Rhizoctonia sp. 4 3 7 (1.5)
Triposporium sp. 3 38 41 (8.5)
Xylaria sp. 1 1(0.2)
Not sporulating No. 1 1 1 2 (0.4)
Not sporulating No. 2 4 4 (0.8)
Number of fragments (leaves) from which no fungi
were isolated
115 | 57 | 203 [375(78,)
Number of investigated fragments (leaves)
132 (22) | 78(13) | 270 45) | 480 (80)

merous multicellular olive spores with two-five arms, arranged in a various man-
ner, were formed.

Byrsocrypta ulmi produced galls which were light green with red accretions, 7-15
x 5-8 mm, egg-, pear-, or club-shaped, with a distinct stalk and a smooth surface
(Figs 1, 2). Galls were usually accompanied by necrosis of leaf. Sometimes necrosis
in form of a belt, 2-3 mm wide, surrounded a gall’s base. More often, however, ne-
crotic areas were irregular in shape and had larger dimensions (e.g. 12 x 5, 15 X 6,
16 x 8,28 x 4,36 x 8 mm) (Fig. 3). Sometimes they were formed at the leaf apex
or unsymmetrically, on one side of a leaf (Fig. 1). If the necrosis of tissues devel-
oped rapidly the galls could not mature and they disintegrated before full develop-
ment (Fig. 3). There were 14 species and genera of fungi found on necrotic areas
(Table 2). The most numerous were: C. gloeosporioides (67.9% of necrotic areas),



64 T. Kowalski

Phot. 1. Leaf of Ulmus glabra with galls of Byrsocrypta ulmi and necrosis of a leaf tissue

Phot. 2. Gall of Byrsocrypta ulmi with acervuli of Colletotrichum gloeosporioides on a symptomless
leaf of Ulmus glabra
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Table 2
Fungi identified on the basis of fructifications and spores in necrotic areas
around galls and on galls on leaves of Ulmus glabra
Gall-maker
Byrsocrypta ulmi Physemocecis ulmi SChif;:Z ieura
Fungi local Ojcéw National | Tatra National
oca
necrotic areas| galls Park ~local - Park - local
on leaves necrotic areas | necrotic areas
on leaves on leaves
\Alternaria alternata (Fr.) Keissler 7 1 29
|Alternaria tenuissima (Kunze ex Pers.) Wiltshire 1 3 1
Ascochyta cf. ulmella Sacc. 6 38
Asteromella sp. 6
Botrytis cinerea Pers. 17 19 1 1
Cladosporium cladosporioides (Fresen.) de Vries 2 7 4 14
Cladosporium herbarum (Pers.) Link & S.F. Gray 5 12
Cladosporium macrocarpum Preuss 1
Cladosporium oxysporum Berk. & Curt. 1 1
Colletotrichum gloeosporioides Penz. 36 46 1 9
Discula sp. 1
Drechslera sp. 2
Epicoccum nigrum Link 2 8
Fusarium sp. 1 3 1 11
Fusarium sp. 2 11
Hormonema sp. 2
Mycosphaerella ulmifolia (Pass.) Tomilin 1
Phloeospora ulmi (Fr.) Wallr. 1
Phoma sp. 2 1
Phomopsis oblonga (Desm.) Trav. 10 1 3
Phyllosticta sp.
Phyllosticta ulmicola Sacc. 1 1
Trichothecium roseum Link 1
Trimmatostroma cf. salicis Corda 7 1
Ulocladium atrum Preuss
Organs without fructifications (spores) 2 0 0
Number of investigated necrotic areas/galls 53 70 22 67

Botrytis cinerea (32.1%), A. alternata (13.2%), P. oblonga (13.2%) (Fig. 4), and
Ascochyta cf. ulmella (11.3%). Colletotrichum gloeosporioides occurred most often on
the largest necrotic areas (Figs 2, 3). The fungus produced conidiomata on necrotic
tissues, more often on leaf midribs than on areas between them. There were 10
species of fungi present on 70 galls studied, which slowly became brown in colour.



66 T. Kowalski

Phot. 3. Atrophia of the gall of Byrsocrypta ulmi on a leaf of Ulmus glabra with necrosis
caused by Colletotrichum gloeosporioides
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Phot. 4. Type A conidia of Phomopsis oblonga colonizing leaf tissues of Ulmus glabra
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The most frequent were: C. gloeosporioides (65.7%), B. cinerea (27.1%), P. oblonga
(14.3%), and Cladosporium cladosporioides (10.0%). Such species as A. cf. ulmella and
A. alternata were less frequent on galls than on necrotic areas surrounding them.

Physemocecis ulmi produced parenchymatic galls. They were yellowish green in
colour, round, 3-4 mm in diameter. The damage caused by P. ulmi resulted in for-
mation usually oval necrotic areas. Their colour greatly depended on species of
fungi colonizing necrotic and decaying areas within galls (Figs 5, 6). There were 14
species of fungi found on necrotic tissues (Table 2). The most abundant were
Trimmatostroma cf. salicis (31.8%) and Asteromella sp. (27.3%) (Figs 6, 7). The genus
Cladosporium was represented by four species (Table 2). Colletotrichum gloeosporioides
accompanied P. ulmi sporadically (Table 2). On leaf necrotic areas and on galls
mainly the vegetative stages of fungi occurred (Table 2). Only Mycosphaerella
ulmifolia produced the teleomorph in a single necrotic area.

Schizoneura ulmi caused formation of blistery swellings and tubular twist, most
often asymmetrically only on one side of a leaf blade. In an apical part the necrosis
reached often beyond the midrib. Necrosis was usually surrounded by initially yel-
low becoming brown “halo” (Fig. 8). There were 15 species of fungi found on ne-
crotic tissues of 67 leaves studied (Table 2). The most numerous were A. cf. ulmella
(56.7%) (Fig. 9) and A. alternata (43.3%). Moreover, the representatives of the
Cladosporium and Fusarium genera were more numerous. Each of them were repre-
sented by two species.

Phot. 5. Necrosis on a leaf of Ulmus glabra associated with damage caused by Physemocecis ulmi
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Phot. 6. Conidiomata of Asteromella sp. in a necrotic area of a leaf (diameter 6 mm) associated
with damage caused by Physemocecis ulmi

Phot. 7. Conidia of Asteromella sp.
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Phot. 8. Ulmus glabra colonized by Schizoneura ulmi with symptoms of necrosis and twisting
of a leaf blade

Phot. 9. Conidia of Ascochyta cf. ulmella
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Discussion

Particular properties of genera and species of trees are important factors deter-
mining the frequency of latent infections by fungi (Carroll G.C. and Carroll F.E.
1978). Some species of forest trees are often submitted to symptomless infections,
while in the case of other species such infections are rare. The study presented in
this paper suggest that U. glabra may belong to species whose leaves are relatively
rarely affected by distinctive latent infections. Earlier a similar phenomenon was
noticed by Kowalski and Ry$ (1996) who isolated fungi from 12.5% of
symptomless needles of Abies alba Mill. and 62.7% of symptomless needles of Picea
abies L. (Karst.) growing under the same site conditions.

Most of the fungal taxa isolated from symptomless leaves of U. glabra, may colo-
nize various tree species and different plant organs (Kowalski and Kehr 1992,
Kowalski and Durak 2000, Pehl and Butin 1994, Kowalski 1999, 2003). There are,
however, other fungi which may be considered specific for Ulmus, e.g. Triposporium
sp. It cannot be excluded, however, that its absence among fungi isolated in earlier
studies is due to an inhibition of its growth on standard culture media used in
studies on endophytes. Colletotrichum gloeosporioides, beside elm, was so far isolated
from maple leaves with high frequency (Kowalski 2003, Wulf 1990). The fungus is
characterized by a narrower range of host plants than fungi from Alternaria,
Cladosporium, Lecytophora, Rhizoctonia and Xylaria genera.

The damage of U. glabra leaves, caused by gall-makers, most likely stimulates
activity of endophytes, which had inhabited leaves earlier and expanded after their
colonization by gall-makers. Some species of fungi did not occur in symptomless
leaves. Their abundant appearance on leaves colonized by gall-makers suggests
that they infect only injured or damaged leaves. Besides, studies showed that the
individual gall-makers make leaf tissues susceptible to infection by specific taxa of
fungi. Excluding the cosmopolitan fungi, the examples of such relations are fol-
lowing: B. ulmi favoured particularly the development of C. gloeosporioides, P. ulmi fa-
voured the fungus Asteromella sp., and S. ulmi favoured the fungus A. cf. ulmella.
Such relationships between gall-makers and fungi occur also on other forest trees,
e.g. Trioza remota Forster, Neuroterus numismalis Oliv., and Polystepha panteli Tavaras,
which are common gall-makers on oak leaves, favour a development of Kabatiella
apocrypta (Ellis & Everth.) Arx, Gloeosporium quercinum West., and Dichomera saubi-
netti (Mont.) Cooke, respectively (Butin 1992), and Drisina glutinosa Giard. which is
a gall-maker on maple leaves, favours a development of Diplodina acerina (Pass.)
Sutton (Kowalski 2003).

Some fungi, activated by gall-makers, may negatively effect the gall-makers exis-
tence and activity, e.g. a rapid necrosis of leaf tissues causes underdevelopment and
premature disintegration of B. ulmi galls, thus reducing the population of this insect.

A particularly high density and diversity of fungi on U. glabra leaves were associ-
ated with galls of S. ulmi. This may result from a specific ecological niche after a tu-
bular twisting of a leaf colonized by S. ulmi. Increased humidity in such place
favours growth and sporulation of many fungi.
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The necrosis of elm leaves caused by C. gloeosporioides in consequence of leaf
damage caused by B. ulmi reminds that caused by Gloeosporium ulmeum Miles and G.
ulmicola, which cause an anthracnose on elm leaves (von Arx 1970, Stipes and
Campana 1981). The expansion of necrosis, mainly along leaf veins, is a character-
istic feature of this disease, especially in its initial phase. Additionally, it should be
mentioned that galls and necrotic tissues inhabited by fungi are source of infec-
tious material, that can cause diseases of other plants in a close vicinity. Abundant
sporulation in particular of B. cinerea, C. gloeosporioides, Fusarium spp., and P. oblonga
may be expected in diseased U. glabra leaves. This is particularly interesting in case
of P. oblonga since its fructifications were so far reported mainly from branches
where it causes the Phomopsis canker (Stipes and Campana 1981).

Summary

The density and diversity of endophytic fungi in symptomless leaves and in ne-
crotic tissues of leaves of Ulmus glabra occurring in association with damages
caused by gall-makers, i.e.: Byrsocrypta ulmi, Physemocecis ulmi and Schizoneura ulmi
were studied in three localities: Ojcéw National Park, Tatra National Park, and Ex-
perimental Forest in Krynica.

Symptomless leaves of U. glabra were relatively rarely colonized by endophytic
fungi. They were found in 21.9% of leaf fragments only. Triposporium sp. (8.5%),
Colletotrichum gloeosporioides (2.5%), and Phomopsis oblonga (2.1%) were the most
frequent among 18 species isolated.

There were 14 species of fungi in necrotic tissues associated with the damage
caused by B. ulmi. The most frequent were: C. gloeosporioides (67.9% of necrotic ar-
eas), Botrytis cinerea (32.1%), P. oblonga (13.2%), Alternaria alternata (13.2%), and
Ascochyta cf. ulmella (11.3%). The first three species also belonged to the most fre-
quent fungi on galls of B. ulmi.

There were 14 species of fungi in necrotic tissues associated with the damage
caused by Physemocecis ulmi. The most frequent were Trimmatostroma cf. salicis
(31.8%) and Asteromella sp. (27.3%).

There were 15 species of fungi isolated from necrotic tissues of U. glabra leaves
damaged by S. ulmi. The most frequent were A. cf. ulmella (56.7%) and A. alternata
(43.3%).

The possibility of fungi stimulation by gall-makers and the phytopathological
consequences of infection potential increase of fungi inhabiting galls and necroses
of elm leaves are discussed.
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Streszczenie

GRZYBY ENDOFITYCZNE: VI. MIKOBIOTA W ZYWYCH
BEZOBJAWOWYCH LISCIACH ULMUS GLABRA
ORAZ W OBREBIE NEKROZ TOWARZYSZACYCH WYROSLOSPRAWCOM

Sklad gatunkowy oraz czestotliwo$¢ wystepowania grzybéw endofitycznych w
zywych, pozbawionych objawéw chorobowych lisciach oraz w nekrotycznych tkan-
kach lisci Ulmus glabra, w powiazaniu z uszkodzeniami powodowanymi przez wy-
roslosprawcow Byrsocrypta ulmi, Physemocecis ulmi, Schizoneura ulmi, badano w trzech
stanowiskach: w Ojcowskim Parku Narodowym, w Tatrzanskim Parku Narodo-
wym i w Le$nym Zaktadzie Do$wiadczalnym w Krynicy.

Pozbawione objawow lidcie U. glabra byly stosunkowo rzadko zasiedlane przez
grzyby endofityczne. Ich obecno$¢ stwierdzono tylko w 21,9% fragmentéw lisci.
Wsréd wyizolowanych 18 gatunkow grzybow najczesciej stwierdzano: Triposporium
sp. (8,5%), Colletotrichum gloeosporioides (2,5%) i Phomopsis oblonga (2,1%).

W obrebie nekroz towarzyszacych B. ulmi stwierdzono 14 gatunkow grzybow.
Najczesciej byty to: C. gloeosporioides (67,9% nekroz), Botrytis cinerea (32,1%), P. ob-
longa (13,2%), Alternaria alternata (13,2%) i Ascochyta cf. ulmella (11,3%). Pierwsze
trzy gatunki nalezaly takze do najczesciej wystepujacych na wyroélach B. ulmi.

W nekrotycznych tkankach towarzyszacych uszkodzeniom powodowanym
przez Physemocecis ulmi stwierdzono 14 gatunkéw grzybéw, w tym do najbardziej
licznych nalezaty: Trimmatostroma cf. salicis (31,8%) 1 Asteromella sp. (27,3%).

W nekrotycznych tkankach lisci U. glabra uszkodzonych przez S. ulmi stwierdzo-
no 15 gatunkéw grzybdw. Najliczniej wystepowaly A. cf. ulmella (56,7%) i A. alter-
nata (43,3%).

W dyskusji zwrécono m.in. uwage na mozliwos$¢ stymulacji rozwoju grzybow
przez wyroslosprawcéw oraz na fitopatologiczne aspekty i konsekwencje wzrostu
potencjatu infekcyjnego gatunkdw grzybow z wyroéli i nekroz lisci wigzu.
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