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Abstract

Collybia fusipess the cause of a root rot @uercus petraegsessile oak)Q. robur(pedunculate oak) ar@. rubra

(red oak). This parasite is often reported to cause problems in stands of red oaks and field evidence suggests that this
North American oak species is more susceptible than the two European oak species. Young saplings of the three
oak species and of chestn@astanea sativan the glasshouse, and also mature sessile and red oaks growing in

the same stand were inoculated withfusipego compare their susceptibility. Red oak, both as young seedlings

and mature trees, was more susceptibl€tdusipeshan sessile oak. Chestnut seedlings were as susceptible as
sessile oak. Susceptibility of pedunculate oak seedlings was intermediate between red oak and sessile oak. In one
experiment this species was significantly less susceptible than red oak, and in the other it was as susceptible.

Introduction red oak is widely planted (Epartement de la Sant
des Foets, 1994). More detailed studies show that the
Collybia fusipegBull. Ex Fr.) QLel. has been reported  parasite is able to infect as many as 60% of the trees in
to cause root rot in beeckagus sylvaticd.., pedun- some mature red oak stands (Maiscet al., in press).
culate oalQuercus robut.. and sessile oalQ. petraea Several field studies suggest that red oak is more prone
L., Hornbeam,Carpinus betulusL. and hazelnut, to the disease than are pedunculate or sessile Gaks.
Corylus avellanaL. (Buller, 1958; Kreisel, 1961; fusipegeadily colonises and kills large roots of red oak
Delatour and Guillaumin, 1984; Guillaumin et al., while, onlarge roots of affected pedunculate and sessile
1985). The fungus is widespread in oak forests of oaks, the parasite usually infects large portions of the
north east France where it develops most often at the bark, but less commonly penetrates the cambial zone
base of pedunculate oaks (Maig et al., 1998b). It  (Marcais et al., 1999)C. fusipesalso causes problems
is reported by the forest health service of France to in young stands of red oak but not in young stands of
occur mainly on oak trees and to a lesser extent on pedunculate and sessile oaks. Severely affected stands
chestnut,Castanea sativaMiller. Artificial inocula- of pedunculate and sessile oaks are usually over 110
tions showed thaC. fusipesis a primary pathogen years old while severely affected stands of red oak can
capable of infecting vigorous young oak saplings be as young as 50 years old.
(Margais and Delatour, 1996). The aim of this work was to use artificial inoculation
Red oakQ. rubralL., is animportant species in plan- to compare the susceptibility of red oak, pedunculate
tations in FranceC. fusipesoot rot often occurs onthis  and sessile oaks 8. fusipes This was done both on
oak species, particularly in the Fyges pemontwhere young seedlings and mature trees. Because chestnut is
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occasionally reported as a host of this parasite, it was 24 h apart. The waterwas drained atthe end of each ster-

included in one of the experiments.

Materials and methods
Plant material and fungal isolates

In experiment |, five-year-old oak seedlings were inoc-

ilisation. A liquid malt medium was then added to cover
half the height of the segments and a third sterilisation
was done for 20 min at 12@. To improve aeration, a
hole was drilled in the jar top and plugged with cot-
ton wool. Ten blocks of inoculum (06 0.5 cm) from
aC. fusipesculture on malt agar (20 g1 malt Difco,
159 agar) were aseptically added to the glass jar
and incubated for 30—45 days atZ3 Subsequently,

ulated. Pedunculate oaks were from the Azeirex prove- all liquid was drained from the jars with a syringe and

nance (Hautes-Pgrees, France) and red oaks were
from the Saint Florentin provenance (Deux-Sevres,
France). They were transplanted into 9-L pots con-
taining a mix of an equal volume of sand and forest
soil (from Amance forest, Meurthe-et-Moselle, France)

when two years old and subsequently maintained in a

glasshouse. In experiment Il, two-year-old seedlings of

pedunculate, sessile and red oak and chestnut (from NE

of France) were inoculated; they were transplanted in
November 1997 into 9-L pots containing a mix of one

part peat and two parts sand. The seedlings were kept,

in a glasshouse and watered daily. No artificial light

frostin winter and temperature was prevented from ris-
ing above 25C in summer by cooling. Seedlings in
experiment 1l were fertilised with 45 g of Nutricot per
pot (13N-13P-13K) each yedl. fusipesstrain C49,
isolated from an infected red oak in 1992 at les Barres
(Loiret, France) was used for experiments | and 1.

In experiment lll, mature oaks of about 50 years old

were inoculated in a mixed stand of sessile and red oaks

at Les Barres, which had originated by natural regen-
eration. The soil was podzolic loamy sand 60—90cm

deep over a layer of soft red clay, and showed traces
of waterlogging at a depth of 30-80 cm. Trees selected

for inoculation were dominants and co-dominants.
Each was inoculated with three isolatesffusipes
C49, C41, isolated from an infected pedunculate oak
in 1994 at Siarrouy (Hautes-Fgnées, France) and
C62, isolated from an infected sessile oak in 1994
at Amance.

Production of inoculum

Pieces of wood were colonised B fusipesaccord-
ing to the method described by Mais and Delatour
(1996). Briefly, stems of hazeGorylus avellanal.,

they were further incubated at 23 for 7-9 months.

Inoculation experiments

In experiment |, 23 seedlings of both pedunculate
and red oak were inoculated in May 1995 with the
colonised hazel stem segments. Soil from the base of
the seedlings was removed and the collar area was
brushed carefully and washed with water. The inocu-
lum was attached tightly to the unwounded collar at 2—
5 cm under the soil level by a rubber band and the soil
replaced. Four additional seedlings of each oak species

n\}\/ere inoculated with uncolonised wood segments. Two

years after inoculation, in August 1997, the seedlings
were removed from the pots and the collar area and
inoculum were examined. The condition of the inocu-
lum was recorded: survival &. fusipesvas assumed
when black crusts covered the inoculum and white
mycelium was present underneath and/or when the
wood had a bright orange colour. Otherw@@efusipes
was assumed to have disappeared from the inoculum.
Isolations of the parasite were attempted both from
the inoculum and the host tissues; these were washed
under water, surface sterilised for 1 min in sodium
hypochlorite at 3.75% active chlorine and rinsed three
times in sterile water. The outer bark was removed and
chips of dead bark or decayed wood were plated on
MAT medium (10 g * of malt Difco, 100 mgt?* peni-
cillin, 100 mg I* streptomycin, 250 mgt thiabenda-
zole and 15gi! agar). Inoculation was recorded as
successful when cambial death had occurred. Width
and height of dead areas of bark and cambium were
recorded and the surface of the lesions was esti-
mated as the geometric mean of those two diameters
(7 x (heightx width)/4).

In experiment 11, 20 seedlings of all the four species,
Q. petraea Q. robur, Q. rubra and C. sativa were

1.5-2.5cmin diameter, were collected and cut into seg- inoculated in May 1997 as described in experiment I.
ments 3cm long. They were placed in glass jars filled Ten additional seedlings per species were inoculated
with tap water and sterilised twice at 1ZDfor 30 min, with uncolonised hazel segments. In January 1999,
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20 months after inoculation, the seedlings were Results
removed from the pots and the inoculum and the collar
area were examined. Experiment I: seedlings of pedunculate and red oak

In experiment Ill, ten mature trees each of sessile
oak and red oak were inoculated in May 1995. Mean A few months after inoculation (autumn 1995), water-
diameter at breast height of the trees was 23 cm. Thelogging developed in the pots of a few seedlings.
base of the tree collar was exposed and three roots,BecauseC. fusipesseems to be intolerant of anoxia
3-15cmin diameter were selected for inoculation. The in vitro, it was suspected that waterlogging would
surface of the bark was brushed and washed with water strongly influence the development of the disease.
and a hazel tree stem segment colonised by one of theSteps were therefore taken to avoid further develop-
three isolates, C41, C49 and C62 was fastened firmly ment of waterlogging in the pots. Indeed, at the end of
in contact with the unwounded bark on one of the three the experimentC. fusipesvas recorded as surviving in
selected roots. Each tree was inoculated with the threeonly one out of the 13 hazel stem segments used as inoc-
isolates. Six additional inoculations had uncolonised ulain pots suffering fromwaterlogging and the seedling
hazel stem segments attached to the roots. Root diam-with the viable inoculum was the only one infected.
eter was recorded and the soil was replaced. In March Only one of the seedlings that escaped waterlogging
1999, 4 years after inoculation, inoculated roots were had none viable inoculum; it also remained uninfected.
excavated and examined for infection. Only inocula- WhereverC. fusipeshad survived on the hazel stem
tions resulting in a lesion with a depth of penetration segment, lesions were present on the seedlings. Thus,
in the bark of at least 2-3mm were considered suc- seedlings that lacked viable inocula at the end of
cessful. It was difficult to be sure that smaller lesions the experiment were not used in further analysis. No
were caused b§. fusipedbecause of their non-specific  seedlings died during the experiment. None of the eight
appearance and because isolation was usually not succontrol seedlings were infected. Eighteen pedunculate
cessful. The maximum length and width of lesions in oaks and 15 red oaks were infected. In both oak species,
the bark and in the cambium was recorded as well as lesions were typical of those described in the litera-
their depth of penetration within the bark. Pieces of ture, i.e. bark necrosis with a greater extension near
necrotic root bark and wood putatively colonised by the the outer bark surface than at the cambium level. The
fungus as well as the inoculum segment were brought margins of the lesions were brown while the central
back to the laboratory for reisolation Gf fusipesl|so- part was orange in colour. White mycelium fans were
lates that were successfully recovered were paired onusually present where the lesion reached the cambium.
malt agar medium with a control isolate of C41, C49 Lesions were circular in shape and tended to girdle the
and C62 to check that the isolate recovered was indeedtap root. Isolations were successful from eight hazel
the one that had been inoculated. stem segments (24%), and from ni@eroburand six
Q. rubra(45% of the successful inoculations). Size of
the lesions in both the bark surface and cambium level
was not significantly different between the two oak
species (Studentstest: = 1.00, df= 31, P value=
0.324). The mean surface area of the lesions in the
bark was 11.@- 4.2 cnt for the pedunculate oaks and
8.5+ 3.2 cnf for the red oaks. At the cambium level,
the mean lesion area was 3:4L.2 cnt for the pedun-
culate oaks and 34 1.2 cn? for the red oaks.

Data analysis

Lesion sizes were log transformed and subjected to
an analysis of variance using the SAS Inc. software
(1989). The lesions in the bark and the cambium were
analysed separately. The lesion areas in the different
species were compared using Newman—Keuls test.
Infection success on mature trees was analysed by gen-

eralised linear analysis, using the procedure Genmod Experiment II: seedlings of chestnut and

of SAS. A binomial distribution of the data was pedunculate, red and sessile oak

assumed and the logistic link function was used. The

model validity was checked using the deviance/degree No seedlings died during the course of the experiment.
of freedom ratio, by plotting deviance residuals At the end of the experimeng. fusipesvas recorded
against the linear predictor and with a half-normal plot as viable on 70 hazel stem segments (88%) and was
(Collett, 1991). isolated from 69 of them. Where the parasite was still
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Figure 1L Susceptibility of three oak species and of chestnut seedlingsftmsipesas indicated by the lesion size (€nn the cambium
(M) and outer barkeX]). Species labelled by the same letter within each lesion category are not statistically different. The confidence
interval of the mean is given.

present in the wood segment at the end of the exper- Table 1 Factors affecting the infection success on mature sessile
iment, the inoculation was successful, i.e. the lesion and red oaks (experiment Il1): analysis of deviance

reached the cambium. This situation applied to 66 of
the inoculated seedlings (94%): 15 chestnuts, 16 sessile

Source Deviance Df x? P value

oaks, 17 pedunculate oaks and 18 red oaks. Successful|ntercept 56.22 0 - -
. - - - - Root diameter 54.25 1 1.974 0.160
infection did not occur on seedlings whete fusipes :

. ; . . Tree species 45.58 1 8.671 0.003
had not persisted in the inocula, and those seedlings so)ate 44.18 2 1401  0.496
were not included in further analysi€. fusipeswas Speciesx isolate 43.78 2 0.400 0.819

i i i 0,
reISOIG}ted from 56 .Of th.e infected seedlings (85 ). Note: Model deviance was 43.78, with 34 df and a probability of
The size of the lesions in the outer bark and in the 5

cambium differed significantly between the different
?gdecolzi (;g#rgnlzhléetﬂ?enj gﬁreer Ss'ggggasmg:a;sg;gne infection on the two _oak species, i.e_. bark necrosis of
lesions on pedunculate oak were larger tHan on sessiléar.] orange COIOW \.N'th white myc_ellal fans scgtten_ed

k and chestnut. particularly at the cambium level v.wthlnj[he necrothtlssues.The'IeS|onswere active with
oak and ¢ ut, p y . " little sign of healing or callusing. In three cases on
However, the difference between sessile and peduncu-

S ; red oaks, a small root of about 1 cm diameter in the
late oaks was not significant. Sessile oaks and chestnutsvicinit of the inoculation point was found dead and
had lesions of a very similar size. Y P

colonised by theC. fusipesisolate used for the inoc-
ulation although it was not connected with the main
Experiment Ill: mature red and sessile oak trees lesion. Five lesions yielde@. fusipessolates that were
somatically incompatible with the one that had been
After about four years in the soil on mature trees, used for inoculation so only 41 inoculations could be
C. fusipeswas still recorded as viable on 46 hazel used for the analysis. Infection success was signifi-
stem segments (77%) and was reisolated from 41 of cantly different on the two oak species (Table 1). About
them (68%). Lesions were not present on any of the 14 82% (14 out of 17) of the inoculations resulted in suc-
inoculation points wher€. fusipeswvas not recorded  cessful infections on the red oaks, but only 33% (8
as alive or reisolated from the hazel stem segment. out of 24) were successful on the sessile oaks. Root
Lesions were present on 27 of the inoculated roots diameter and th€. fusipessolate did not significantly
and the parasite was isolated from all the lesions. The affect the infection success. Neither oak species nor
morphology of the lesions was typical @f. fusipes isolate significantly influenced the lesion size of the
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Table 2 Factors affecting the lesion size of successful infec- red and sessile oaks, being in one experiment of a sim-
tions on mature sessile and red oaks (experiment Ill): analysis ilar susceptibility as red oak and in the other of a lower
of variance susceptibility and that sweet chestnut appeared to have
Source Df Mean Square Fvalue P value a susceptibility taC. fusipessimilar to sessile oak.
Model 5 073 050 0775 Th(_e results ofino_CL_JI_ations on mature trees confirmed
Error 18  1.48 _ _ the higher susceptibility of red oaks compared to ses-
: sile oaks. Infection success (% of root infected) as well
ITSrngtsepeC'es 21 1?6738 ﬂis o(.);é?z? as lesion size was higher for red oaks. Thg capacity
Species< isolate 2 0.36 0.24 0.788 of mature sessile oaks to prevent the establishment of
the parasite at the cambium in this experiment is con-
sistent with observations made on naturally infected
trees (Marais et al., 1999). These showed that, even if
sessile and pedunculate oaks have extensive lesions at
o the root collar, cambial infection on the large roots is
often limited. In contrasiC. fusipegeadily infects the
cambial tissues of mature red oaks and kills the larger
roots. Small roots of all three oak species were readily
killed by the parasite. Mature pedunculate oaks could
not be compared with the other oaks because none were
. presentin the stand that was used. However, in another
experiment, mature dominant pedunculate oaks were
inoculated and, after 2.5 years, approximately three-
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4 8 6 7 8 8 W0 M ” B phiym (Marais et al., 1998b). So, mature pedunculate

Root diameter oaks can show quite a high susceptibility@ofusipes

Figure 2 Lesion size (crf) caused byC. fusipesn the bark of TEIS agr?es. with the fmdmg that, most of the stands

roots of different diameter (cm) on mature sessijeand red ¢) whereC. fusipesvas aSSOCI?thd Wlth poor health were
oak trees. pedunculate oak stands. Similarly, in a large-scale sur-

vey, the parasite was found to occur more frequently
successful infections in the bark (Table 2). The surface 0nQ. roburthan onQ. petraegMargais et al., 1998b).
area of the lesions at the bark level was 38241 cn? In experiment Il on mature red oak trees, the infec-
for sessile oaks and 324716.4 cn? for red oaks. How- tion success was high, but the lesion sizes remained
ever, lesion size was significantly and negatively corre- limited after four years. The parasite did not kill any of
lated with root diameter; lesions were larger on small the inoculated roots, although it did occasionally kil
diameter roots (Spearman correlation coefficient 0.421, @ small diameter root in the vicinity of the inoculation
P value= 0.046, Figure 2). Despite a similar lesion size point. However, the lesions were still active and the
in the outer bark of the two oak species, penetration of trees were apparently not able to wall-off the parasite
the parasite to the cambium was greater in the red oaksin the bark tissues. It is quite surprising that the fungus
than in the sessile oaks. Twelve of the 14 successful Was not very aggressive on the red oaks of Les Barres

infections reached the cambium in the red oaks (lesion becauseCollybia root rot is very active in this stand:
size in the cambium was 10466.2 cn?) while one out it is present on 60% of the red oaks and 25% of them

of eight did so in the sessile oaks. are severely infected, with over half of their root sys-
tem destroyed (Maais et al., 1999; in press). More-
over, each tree is usually infected by one large clone of
Discussion C. fusipegMarcais et al., 1998a), indicating that the
parasite is able to spread readily through the root sys-
Results in the seedling experiments clearly show that tem of a tree. Inoculations of mature trees with other
red oaks are more susceptibledofusipeghan sessile  primary root rot pathogens such asmillaria mel-
oaks, that pedunculate oaks are intermediate betweerlea, A. ostoyaer Phellinus weiriiusually give similar
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results, with lesions of the same order of magnitude Delatour C and Guillaumin JJ (1984) Un pourédiréconnu:
in 2-3 years (Davidson and Rishbeth, 1988; Entry le Collybia fusipes(Bull. ex Fr.) Qwl. Compte-rendu de
etal., 1991; Goheen and Hansen, 1994; Hansen, 1986; Academie d'Agriculture de France 70: 123-126
Wahlstém and Barklund, 1994). Perhafs fusipes ~ D2vidson AJ and Rishbeth J (1988) Effect of suppression and
. . . felling on infection of oak and Scots pine Bymillaria. Eur J
requires a very long time to infect and destroy the root -, baih 18: 161-168
system of mature trees. The_mfg_ctlon process may start pepartement de la Sa@ntles Fogts (France) (1994) La s@ntles
very slowly, but speeds up significantly when the para-  foréts (France) en 1993. Ministe de I'Agriculture et de la
site has killed and colonised large roots and can develop peche (DERF-DSF) _
a large inoculum base. The infection process could be Entry JA, Cromack K, Kelsey RG and Martin NE (1991)
aided by a faster spread of the pathogen along small Response of Douglas-fir to infection byrmillaria ostoyae
. : L after thinning or thinning plus fertilization. Phytopathology 81.:

diameter roots, as they show a higher susceptibility. 682-689

The higher SUS(?ePUb'“ty of red Qak ©. fusipes Goheen EM and Hansen EM (1994) Tree vigor and suscepti-
compared to sessile oak and possibly to pedunculate bility to infection by Phellinus weirii results of field inocu-
oak confirms that this parasite represents a risk for red lations. In: Johansson M and Stenllid J (eds) Proceedings of
oak stands in Europe. Because of the slow rate of dis- the Eighth International Conference on Root and But Rot of
ease development, the impact in first generation stands, ::J’;?élggegs (pp 45-51) Wik, Sweden and Haikko, Finland,
generally free of the disease at the outset, might Nt be g, 2, min 33 Bernard C, Delatour C and Belgrand M (1985)
hlgh_, W_|th most of the trees only becom_lng diseased  contributiona I'etude du @perissement du @ne: pathologie
late in life. This could explain why, despite the abun-  racinaire en fot de Tronais. Ann Sci For 42: 1-22
dance of the parasite in affected stands, decline of the Hansen EM (1986) Inoculation of Douglas-fir roots with isolates
trees has not yet been reported (Wset a|_, in press, of Phellinus weiriion sites differing in root rot severity. Can J
Département de la S@ntles foéts, 1994). Secondgen- ~ For Res 16:619-623

. : Kreisel H (1961) Die phytopathogenen grosspilze Deutschlands.
eration stands of red oaks following stands that were VEB gustav Fischer verlag, lena, 284 pp.

heavily infected could be e_spe_C|aIIy atrisk because they Margais B and Delatour C (1996) Inoculation of ocuercus
would be exposed to a high inoculum potential from  roburandQ. rubra) with Collybia fusipesPlant Dis 80: 1391—
the outset. It seems that in such situations, as many as 1394
half of the trees can be infected after 20 years (Mac ~ Margais B, Martin F and Delatour C (1998a) Structur€ollybia
unpublished results). ;u;llpzséo;pulatlon in two infected oak stands. Mycol Res 102:
Margais B, Ca&l O and Delatour C (1998b) Investigations on
the distribution and impact dEollybia fusipesn oak forest.
In: INRA (ed) Paris, Les Colloques, Vol 89: 9th Conference
on Root and But Rots of Forest Trees (pp 215-222) Carcans,
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