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THE EFFECTS OF FUNGI FROM ACORNS
WITH SYMPTOMS OF BLACK ROT AND NECROTIC
TWIGS OF OAK ON QUERCUS SEEDLINGS
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Abstract

11 fungi sampled from Quercus acorns with symptoms of black rot and mummifi-
cation and from necrotic twigs of Q. petraea were tested for pathogenicity towards
seedlings of Q. petraea, Q. robur and Q. rubra in a field experiment. Six months after
inoculation, necrosis on the main stem and the subsequent death of Q. robur and Q.
petraea plants were observed after inoculation with Aureobasidium pullulans, Ceutho-
spora sp., Ciboria batschiana, Cryptosporiopsis melanigena, Cylindrocarpon didymum, Me-
lanconium bicolor, Paraphaeosphaeria michotii or Phomopsis glandicola. 12 months after
inoculation, necrosis on the main stem was observed on single plants of Q. robur in-
oculated with C. batschiana or C. melanigena, and Q. petraea inoculated with C. didy-
mum. The fungal species used for inoculation were not re-isolated from the diseased
stems or observed to be sporulating on them when incubated in wet chambers.
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Introduction

Black rot and mummification of acorns of Quercus spp. has been observed since
spring 1993, initially in the northwest and subsequently in other regions of Po-
land. Orange or brown spots with black-brown margins appear on the cotyledons.
They coalesce and become grey-brown. Dark spots appear on the seed coat and
grey mycelium develops on the surface of the acorns in moist conditions. In the
later stages, the content of the acorns converts into a black, compact mass of
pseudosclerotium consisting of intermixed acorn tissues held together by fungal
mycelium. The coat splits longitudinally and the acorn cotyledons appear “mum-
mified”. The infected acorns frequently do not produce seedlings.
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This disease is caused mostly by Ciboria batschiana (Zopf) Buchwald (=
Sclerotinia pseudotuberosa (Rehm) Rehm). Infected acorns are inhabited also by
other fungi known to be pathogens, e.g. Ceuthospora sp., Cylindrocarpon spp.,
Phialophora spp. and Phomopsis glandicola Grove or invaders of healthy tissue, e.g.
Aureobasidium pullulans (de Bary) Arnaud (Kwasna 1997).

The above-mentioned fungi were also isolated from twigs of one—six-year-old
Q. petraea (Mattuschka) Liebl. plants with symptoms of necrosis, cankers, wilting
or dieback in both a forest nursery and a naturally-regenerated 100-120-year-old
stand in the northwest Poland (Kwas$na and Siwecki 2002).

Since the above-mentioned fungi occur on both diseased acorns and diseased
oaks, it was expected that, under natural conditions, a dieback of young oaks may
be caused by pathogens common to acorns and young plants. Any disease on
plants may result from infection while germinating from diseased acorns or con-
tact with sporulation appearing on diseased acorns on the ground. The objective of
this study was therefore to investigate the pathogenicity of fungi from acorns with
symptoms of black rot and mummification and from stems of Q. petraea with symp-
toms of necrosis, cankers and dieback towards seedlings of three Quercus species.

Materials and methods

11 fungi (Table 1) sampled from Q. petraea acorns with symptoms of spots, ne-
crosis, mummification and post-germination shoot dieback, and from Q. petraea
twigs with symptoms of necrosis, cankers and dieback were tested for pathogenic-
ity towards seedlings of Q. petraea, Q. robur L. and Q. rubra L. in a field experiment.
The fungi (apart from C. batschiana Cb 32) were isolated from diseased acorns and
twigs by Kwasna (1997) and Kwasna and Siwecki (2002).

Table 1
Fungi used in the pathogenicity test

. Source of fungal isolate
Fungal species A
plant Forest District

|Aureobasidium pullulans (de Bary) Arnaud Q. petraea stem Smolarz
Ceuthospora sp. Q. robur acorn Kaczory
Ciboria batschiana (Zopf) Buchwald (Cb 24) Q. petraea acorn Smolarz
Ciboria batschiana (Zopf) Buchwald (Cb 32) Q. robur acorn Brynek
Cryptosporiopsis melanigena Kowalski et Halmschlager  |Q. petraea stem Smolarz
Cylindrocarpon didymum (Harting) Wollenw. Q. petraea stem Smolarz
Melanconium bicolor Ness. Q. petraea stem Smolarz
Paraphaeosphaeria michotii (Westend) O. Eriksson Q. petraea stem Smolarz
ex Shoemaker et Eriksson
Phialophora sp. Q. petraea stem Smolarz
Phomopsis glandicola (P 11) Q. petraea stem Smolarz
Phomopsis glandicola (P 12) Q. petraea acorn Swierczyna
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Pathogenicity test

One-year-old seedlings of Q. petraea, Q. robur and Q. rubra were inoculated, each
with a single fungal isolate, in the middle of June 2000. A cut, 10 X 5 mm, was
made with a sterile scalpel in the main stem, 2 cm above the ground, and a
5-mm-diam. disc of PDA with fungus growing on its surface was inserted into the
cut, under the epidermis. The wound was subsequently covered tightly with
Parafilm. There were four to six plants of each Quercus species inoculated with each
fungus. For the control, six plants of each Quercus species were “treated”, by apply-
ing a 5-mm-diam. disc of potato dextrose agar (PDA) without fungus. Another six
control plants of each Quercus species were “untreated”. The treatments were ran-
domized within a block consisting of plants of one Quercus species. The experimen-
tal plot was weeded and watered when necessary.

Observations on the health status of the plants were made six and 12 months af-
ter inoculation. Inhibition of growth was estimated from measurements of height of
treated and untreated plants. Each plant was examined for the presence of necrosis
and cankers on the main stem and twigs above and below the inoculation point.

The diseased fragments were collected for re-isolation of fungi. Fragments of
“treated” control plants were collected for comparison.

Re-isolation of fungi

In the laboratory, the diseased fragments were surface-sterilized in 96% etha-
nol for 5 s, 3% NaOCI for 2 min, rinsed in three changes of sterile distilled water
for 10 min each time, and dried in blotting paper. One half of each fragment was
cut into 12 5-10 mm long pieces that were placed on PDA and synthetic low nutri-
tion agar (SNA, Nirenberg 1976). Six pieces were placed on each medium. After 14
days of incubation at 25°C in a day/night light cycle, the fungi growing from the
fragments were identified or transferred to slants for further examination. The sec-
ond half of each diseased fragment was placed in a wet chamber. After incubation
for six months at 25°C in a day/night light cycle, the fragments were checked for
the occurrence of a fungal sporulation.

Results

Health status of plants

Six months after inoculation of the 12-month-old oak seedlings the averages of
44.5%, 39% and 30% inhibition of growth of the “treated” Q. petraea, Q. robur and
Q. rubra plants was observed, respectively (Fig. 1). Inhibition of plant growth was
similar for all plants in a block, irrespective of the fungus used for inoculation. 12
months after inoculation, inhibition of growth rate was no longer observed.

Six months after inoculation, necrosis on the main stem or twigs above or be-
low the inoculation point occurred on 10 plants (16%) of Q. robur, eight plants
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Fig. 1. Height of the 18-month-old plants of Quercus petraea (1), Q. robur (2) and Q. rubra (3)
six months after inoculation, averaged over all fungal inoculation treatments

(14%) of Q. petraea and two plants (3%) of Q. rubra (Table 2). Necrotic lesions were
2-6 cm long and covered 30-100% of circumference of the stem. The formation of
cankers was not observed. Some seedlings subsequently died off. 12 months after

Table 2

Number of oak seedlings (out of a maximum of six) with necrosis six and 12
months after inoculation with fungi*

Fungus used for Q. robur Q. petraea Q. rubra
inoculation 6 months ‘ 12 months | 6 months ‘ 12 months | 6 months ‘ 12 months
Necrosis of the main stem
C. batschiana 0 1 0 0 0 0
C. melanigena 1(=) 0 1(=) 1 0 0
C. didymum 0 0 2 1 0 0
M. bicolor 1(=) 0 0 0 0 0
P. glandicola 1(=) 0 0 0 0 0
Necrosis of twigs below inoculation point
A. pullulans 1 0 0 0 0 0
Ceuthospora sp. 1 0 0 0 0 0
C. melanigena 2 0 1 0 0 0
P. michotii 1 0 0 0 0 0
P. glandicola 2 0 1 0 0 0
Necrosis of twigs above inoculation point
A. pullulans 0 0 1 0 0 0
C. batschiana 0 0 1 0 1 0
P. glandicola 0 0 1 0 1 0

*Only fungi that were associated with the symptoms on inoculated plants are listed.
(=) - subsequent death of seedlings.
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inoculation, necrosis of the main stem, above the inoculation point, was observed
on one surviving plant (1.5%) of Q. robur and two surviving plants (3%) of Q.
petraea. Their shape and size were similar to those observed six months after inocu-
lation. 28% of Q. robur and Q. petraea plants showed necrosis after inoculation with
P. glandicola, irrespective of its original substrate whether it was a diseased acorn or
necrotic oak stem. 40% of Q. robur, Q. petraea and Q. rubra plants necrosis occurred
after inoculations with C. batschiana or Cryptosporiopsis melanigena Kowalski et
Halmschlager. Some diseased stems of Q. robur and Q. petraea were naturally colo-
nized by strongly pathogenic Phomopsis quercella (Sacc. et Roum.) Died. There were
no symptoms on the “treated” and “untreated” control plants. The healthy stems
of the “treated” control plants were inhabited by Alternaria alternata (Fr.) Keissler,
Cladosporium cladosporioides (Fres.) de Vries, Epicoccum nigrum Link, Mucor hiemalis
Wehmer and Penicillium spp.

Fungi detected on the necrotic fragments

Re-isolation of fungi or observations of fungal sporulation on necrotic frag-
ments incubated in wet chambers showed the occurrence of 14 species of fungi but
usually did not show the occurrence of the species used for inoculation (Table 3).
The necrotic fragments were colonized mostly by Alternaria alternata, Epicoccum

Table 3
Fungi isolated or observed on diseased stems of Quercus spp.
Quercus Fungus used for Number of
. ng - Fungi detected on diseased stems colonies from
species inoculation .
12 inocula
Q. robur Control \Alternaria alternata (Fr.) Keissler 1
Epicoccum nigrum Link 1
Mucor hiemalis Wehmer 1
Penicillium spp. 2
|Aureobasidium pullulans |Alternaria alternata (Fr.) Keissler 12
IMucor hiemalis Wehmer 1
Cryptosporiopsis melanigena  |Alternaria alternata (Fr.) Keissler 9
Fusarium oxysporum Schlecht. 6
Fusarium torulosum (Berk et Curt) Nirenberg 1
Verticillium alboatrum Reinke et Berth. 1
Melanconium bicolor |Alternaria alternata (Fr.) Keissler 10
Fusarium avenaceum (Corda) Sacc. 4
Epicoccum nigrum Link 2
Fusarium torulosum (Berk et Curt) Nirenberg 2
Paraphaeosphaeria michotii  |Alternaria alternata (Fr.) Keissler 12
Epicoccum nigrum Link 6
Cytospora intermedia Sacc.
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Table 3 - cont.

Phomopsis glandicola (P 11)

Phomopsis glandicola (P 12)

\Alternaria alternata (Fr.) Keissler

Epicoccum nigrum Link

Fusarium torulosum (Berk et Curt) Nirenberg
Phomopsis quercella (Sacc. et Roum.) Died

\Alternaria alternata (Fr.) Keissler
Epicoccum nigrum Link
Bipolaris sp.

12
7
1

—

Q. petraea

Control

\Aureobasidium pullulans

Ciboria batschiana

Cryptosporiopsis melanigena

Phomopsis glandicola (P 11)

Phomopsis glandicola (P 12)

Cladosporium cladosporioides (Fres.) de Vries
Penicillium spp.

|Alternaria alternata (Fr.) Keissler
Epicoccum nigrum Link

\Aureobasidium pullulans (de Bary) Arnaud
Phomopsis quercella (Sacc. et Roum.) Died

|Alternaria alternata (Fr.) Keissler

Epicoccum nigrum Link

Cladosporium cladosporioides (Fres.) de Vries
Epicoccum purpurascens Ehrenb. ex Schlecht.

\Alternaria alternata (Fr.) Keissler

Epicoccum nigrum Link

Phomopsis quercella (Sacc. et Roum.) Died
Fusarium torulosum (Berk et Curt) Nirenberg

\Alternaria alternata (Fr.) Keissler
Fusarium avenaceum (Corda) Sacc.
Epicoccum nigrum Link

Phomopsis quercella (Sacc. et Roum.) Died
Fusarium oxysporum Schlecht.

|Alternaria alternata (Fr.) Keissler

Epicoccum nigrum Link

Phomopsis quercella (Sacc. et Roum.) Died
Verticillium dahliae Kleb.

Cladosporium herbarum (Pers.) Link ex Gray
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Q. rubra

Control

Ciboria batschiana (Cb 24)

Ciboria batschiana (Cb 32)

Penicillium spp.

Verticillium dahliae Kleb.

\Alternaria alternata (Fr.) Keissler
Epicoccum nigrum Link

Phomopsis quercella (Sacc. et Roum.) Died

\Alternaria alternata (Fr.) Keissler
Epicoccum nigrum Link
Botrytis cinerea Pers.

Fusarium avenaceum (Corda) Sacc.
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nigrum, Phomopsis quercella, Fusarium torulosum, F. avenaceum, and more rarely by
Botrytis cinerea, Cladosporium cladosporioides, C. herbarum, Cytospora intermedia, F. oxy-
sporum, Mucor hiemalis, Bipolaris sp., Verticillium alboatrum and V. dahliae. Aureo-
basidium pullulans was the only fungus used as inoculum that was re-isolated from a
necrotic stem of Q. petraea.

Discussion

Fungi that are pathogens or secondary invaders of acorns with symptoms of
black rot and mummification were tested for pathogenicity to seedlings of three
species of Quercus.

The majority of fungi tested are also known as endophytes of bark and wood of
oak (Ellis M.B. and Ellis J.P. 1985). So far they have not been considered to be oak
pathogens. Aureobasidium pullulans, Melanconium bicolor Ness., Paraphaeosphaeria
michotii (Westend), Phialophora sp. and P. glandicola used in these studies have been
isolated from necrotic oak stems and discoloured wood and bark of oak, however
(Przybyt 1995, Kowalski 1996, Kwasna and Siwecki 2002) and that may be slight
evidence of their pathogenic activity towards oak.

Six months after inoculation, the 18-month-old oak plants showed inhibition
of growth compared to the “untreated” control plants. This phenomenon was tem-
porary, and the growth was equalized in the next six months. The inhibition in
growth, which initially had seemed to be an effect of pathogenic activity of fungi,
was probably a normal reaction to wounding, which was an integral part of the in-
oculation procedure.

Six and 12 months after inoculation, necroses appeared on the main stem or on
single twigs above or below the inoculation point. Only single plants died after in-
oculation with any fungus. As expected, the necroses appeared mostly on plants
inoculated with A. pullulans, M. bicolor, P. michotii or P. glandicola, and additionally
on those inoculated with Ceuthospora sp., C. batschiana, C. melanigena or Cylindro-
carpon didymum (Harting) Wollenw. Re-isolation of fungi from necrotic fragments
showed, however, that they were usually not colonized by the inoculant fungi.
Koch’s postulate was not accomplished. The fungi most often isolated, e.g. A.
alternata, E. nigrum, Fusarium spp. and Cladosporium spp., are mostly opportunistic
parasites and ubiquitous invaders of dying bark, and were thus commonly found
on dead stems and twigs.

The more frequent occurrence of necroses on plants inoculated with C.
batschiana, C. melanigena or P. glandicola compared to plants inoculated with other
species may indicate their role as pathogens or invaders that increase the suscepti-
bility of the plants to another agent of disease. So far, none of these fungi has been
implicated as a pathogen of oak (Butin 1981, Przybyt 1995, Kowalski 1996). Due
to its common occurrence on diseased acorns and necrotic stems of oak in Poland
(Kwasna 1997, Kwasna and Siwecki 2002), particular interest should be paid to P.
glandicola (teleomorph = Diaporthe Nitschke). The fungus had always been con-
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nected with oak. It was initially found on marble-galls of Andricus foecunatrix Hartig
on Q. robur (CBS 133.69) and on fallen acorns (Grove 1935, Ellis M.B. and Ellis J.P.
1985). The literature on P. glandicola is scarce. The identification of the fungus
caused some problems and it is worthwhile mentioning that P. glandicola is recog-
nizable by its gregarious, black pycnidia often arranged in lines and oblong or ob-
long-fusoid, not curved, 6-7 x 1.75-2 um A-spores, which are smalled compared
to the spores of Phomopsis quercella (Sacc. et Roum.) Died (8-12 X 2-3 um) and P.
quercina Hohn. (7-10 X 1.5-2 pm) that are more common on oaks.

The small incidence of disease in inoculated plants, apart from the doubtful
pathogenicity of the used fungi, might be due to the ineffectiveness of the inocula-
tion method or the absence of conditions favourable for infection. In nature, infec-
tion by oak dieback fungi is accomplished by aggressive conidio- or ascospores
produced in enormous quantity in bark. They successfully infect stems through
fresh wounds and intact young leaves and shoots. Because of the absence of spores
on agar media, the plants were inoculated mostly with mycelium of the tested
fungi. This inoculum, however, may not have the aggressiveness of spores and so
may not guarantee the success of the experiment. An inappropriate time of inocu-
lation may also have contributed to the inconclusiveness of the pathogenicity test.
Most plants are susceptible to infection only during a certain part of the year, either
in a period of dormancy or in the initial part of the growth. In our experiment, the
inoculation time may not have coincided with the plants’ most susceptible state.
The healthy, vigorous condition of the inoculated plants may also have contributed
to the results of the pathogenicity test, since they had been well cared for and nur-
tured during the year up to inoculation. The most susceptible to infection are
plants predisposed by transplanting, drought, freezing, poor nutrition or injured
by mechanical forces, pests and other pathogens. In nature, in diseases of bark and
wood, which include the oak dieback, trees already stressed by predisposing fac-
tors become abnormally susceptible to destructive activity of fungi inhabiting
healthy bark and colonizing the weakened tissues quickly and extensively. Earlier
pathogenicity tests towards trees were successful only if tissues being invaded by
fungi had already been killed by other agents (Sinclair et al. 1987).

The results of these studies demonstrate the difference in susceptibility of the
three Quercus species to oak dieback fungi. The most susceptible to infection seems
to be Q. robur and the most resistant Q. rubra. This suggests that introducing of Q.
rubra into areas infested with oak decline may be beneficial.

Summary

Black rot and mummification of acorns of Quercus spp. has been observed since
spring 1993 in many regions of Poland. Orange to brown-black spots develop on
the cotyledons and seed coat and grey mycelium appears. The internal part of the
acorns converts subsequently into a black mass of pseudosclerotium. The infected
acorns do not produce seedlings. The disease is caused mostly by Ciboria batschiana
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but other fungi have also often been isolated from infected acorns. Aureobasidium
pullulans, Ceuthospora sp., C. batschiana, Cryptosporiopsis melanigena, Cylindrocarpon
didymum, Melanconium bicolor, Paraphaeosphaeria michotii, Phialophora sp. and Pho-
mopsis glandicola from acorns with black rot and mummification and from necrotic
twigs of one-six-year-old Q. petraea plants were tested for pathogenicity towards
seedlings of Q. petraea, Q. robur and Q. rubra. One-year-old seedlings were each in-
oculated with a single fungus through a 10 X 5 mm cut on the main stem, where a
5-mm-diam. disc of PDA with fungus was inserted under the epidermis. Four to
six plants were inoculated with each fungus. Six months after inoculation, symp-
toms of necrosis on the main stem or twigs occurred on a total of 10 plants (16%)
of Q. robur, eight plants (14%) of Q. petraea and two plants (3%) of Q. rubra after in-
oculation with A. pullulans, Ceuthospora sp., C. batschiana, C. melanigena, C. didymum,
M. bicolor, P. michotii or P. glandicola. Four seedlings subsequently died off. 12
months after inoculation, necrosis on the main stem, above the inoculation point,
was observed only on one plant (1.5%) of Q. robur inoculated with C. batschiana and
two plants (3%) of Q. petraea inoculated with C. melanigena or C. didymum.

No sporulation of the tested fungi was observed on necrotic stems collected and
incubated in wet chambers. The necrotic fragments were colonized mostly by
Alternaria alternata, Epicoccum nigrum, Phomopsis quercella, Fusarium torulosum, F.
avenaceum, and more rarely by Botrytis cinerea, Cladosporium cladosporioides, C.
herbarum, Cytospora intermedia, F. oxysporum, Mucor hiemalis, Bipolaris sp., Verticillium
alboatrum and V. dahliae. The fungal inoculant was re-isolated only from a necrotic
stem of Q. petraea that had been inoculated with A. pullulans.

Streszczenie

WPLYW GRZYBOW Z ZOLEDZ{ Z OBJAWAMI CZARNE] ZGNILIZNY
1Z ZAMARYYCH PEDOW DEBU NA SIEWKI DEBU

Czarna zgnilizna i mumifikacja zotedzi wystepuje w duzym nasileniu w wielu
rejonach w Polsce od 1993 roku. Pomaranczowe i brgzowo-czarne plamy rozwijajg
si¢ na licieniach i okrywach nasiennych. Pojawia si¢ szara grzybnia. Wnetrze
zotedzi czernieje; powstaje pseudosklerocjum. Zainfekowane zoledzie nie
kietkujg. Choroba jest powodowana gtownie przez Ciboria batschiana. Z chorych
zoledzi izoluje sie rowniez inne grzyby. Aureobasidium pullulans, Ceuthospora sp., C.
batschiana, Cryptosporiopsis melanigena, Cylindrocarpon didymum, Melanconium bicolor,
Paraphaeosphaeria michotii, Phialophora sp. i Phomopsis glandicola wyizolowane wcze-
$niej z zoledzi z objawami czarnej zgnilizny i mumifikacji oraz z nekrotycznych pe-
déw jednorocznych-szescioletnich drzewek Quercus petraea testowano z punktu
widzenia ich patogeniczno$ci w stosunku do siewek Q. petraea, Q. robur i Q. rubra.
Jednoroczne siewki inokulowano krazkiem pozywki PDA o $rednicy 5 mm z rozwi-
nietym pojedynczym grzybem, poprzez naciecie na pedzie gléwnym 10 X 5 mm.
Inokulowano cztery-sze$é roslin w kazdej kombinacji. Sze$¢ miesiecy po inokulacji
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objawy nekrozy na pedach gléwnym i bocznych pojawity si¢ na 10 rodlinach (16%)
Q. robur, o$miu roélinach (14%) Q. petraea i dwdch roélinach (3%) Q. rubra zain-
okulowanych A. pullulans, Ceuthospora sp., C. batschiana, C. melanigena, C. didymum,
M. bicolor, P. michoti lub P. glandicola. 12 miesiecy po inokulacji nekroze pedu gtow-
nego, powyzej miejsca inokulacji, obserwowano tylko na jednej roélinie (1.5%) Q.
robur i dwoch roélinach (3%) Q. petraea inokulowanych odpowiednio C. batschiana
oraz C. melanigena lub C. didymum.

Reizolacja grzybéw oraz zarodnikowanie obserwowane na chorych pedach w
mokrych kamerach nie potwierdzity obecnosci gatunkéw uzytych do inokulacji pe-
déw. Chore pedy byty zasiedlone gtownie przez Alternaria alternata, Epicoccum ni-
grum, Phomopsis quercella, Fusarium torulosum, F. avenaceum, i rzadziej przez Botrytis
cinerea, Cladosporium cladosporioides, C. herbarum, Cytospora intermedia, F. oxysporum,
Mucor hiemalis, Bipolaris sp., Verticillium alboatrum i V. dahliae. Tylko chory ped
glowny Q. petraea inokulowany A. pullulans byt zasiedlony przez testowany grzyb.
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