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Communication brève / Short Communication 

Fungal communities isolated from dead apple leaves 
from orchards in Québec 

Julie Bernier1, Odile Carisse2, and Timothy C. Paulitz1 

Received 1996-04-30; acceptée! 1996-12-28 

Venturia inaequalis, the causal agent of apple scab, overwinters in apple 
(Malus pumila) leaves on the orchard floor by producing pseudothecia. The 
objectives of this survey were to make a collection of fungi to be subsequently 
tested for thei r potential as psychrophile biocontrol agents against V. inaequa
lis and to acquire knowledge on the diversity of the microflora of dead apple 
leaves. Fungi were recovered f rom dead apple leaves collected in the spring 
and fall of 1993. A total of 345 isolâtes f rom 49 gênera were identified. Fifteen 
gênera were not previously recorded as colonizers of apple leaves in North 
America. 

Bernier, J., O. Carisse et T. C. Paulitz 1996. Communauté fongique isolée des 
feuilles mortes de pommiers dans des vergers du Québec. PHYTOPROTEC-
TION 77 : 129-134. 

Le champignon causant la tavelure du pommier, Venturia inaequalis, hiverne 
dans les feuilles mortes de pommier (Malus pumila) sous forme de pseudo-
thèces. Les objectifs de cette étude étaient de monter une collection de 
champignons afin de vérifier subséquemment leur résistance au froid et leur 
potentiel antagoniste contre V. inaequalis et d'acquérir des connaissances sur 
la microflore des feuilles mortes de pommiers. Des champignons ont été isolés 
sur des feuilles mortes de pommiers récoltées au printemps et à l 'automne 
de 1993. Au total, 345 isolats fongiques provenant de 49 genres ont été 
identifiés. Quinze genres sont rapportés pour la première fois comme colo
nisateurs des feuilles de pommiers en Amérique du Nord. 

In Québec, apple scab caused by the 
fungus Venturia inaequalis (Cke.) Wint, 
is the most important disease in apple 
(Maluspumila Mill.) production. Effective 
control of apple scab requires from 6 to 
16 fungicide applications every season 
(Jones and Aldwinckle 1990). On top of 
the environmental problems that resuit 
from fungicide applications, the patho-

gen is becoming increasingly résistant to 
fungicides, particularly to benomyl [me-
thyl-N-(1-butylcarbamoyl)-2-benzimida-
zole carbamate], dodine [n-dodecyl guani-
dine acétate] and fenarimol [2,4'-dichlo-
rophenyl-alpha-pyrimidin-5-pirimidine-
methanol] (Carisse and Pelletier 1994; 
Jones 1981). Therefore, there is an in-
creasing interest in alternative ways to 
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control this disease including biological 
control. 

Because V. inaequalis grows as a 
saprophyte when it overwinters in the 
apple leaf litter, researchers hâve looked 
for possible organisms colonizing dead 
apple leaves. Cinq-Mars (1949) and Ross 
(1953) recovered apple leaf microflora to 
find potential natural antagonists of V. 
inaequalis. This approach was also pur-
sued by Andrews and Kenerley (1979), 
Andrews et al. (1983), Heye (1982) and 
Simard et al. (1957). From ail thèse stud-
ies, one interesting potential antagonist, 
Athelia bombacina (Heye 1982), was 
found in Wisconsin but has never been 
commercialized. Since the work of An
drews and Kenerley (1979), Andrews et 
al. (1983) and Heye (1982), this strategy 
has not been pursued. In addition, no 
work has focused on organisms adapted 
to the cold climatic conditions of eastern 
Canada. Rather than testing biocontrol 
agents developed in warmer climates, 
we proposed to search for indigenous 
organisms in Québec. 

We hypothesized that potential antag
onists are présent on apple leaves and 
that sampling of several orchards should 
provide a large diversity of microbial 
gênera and increase the chance of find-
ing potential biocontrol agents. Knowl
edge of the diversity of apple leaf micro
flora would contribute to develop a bio
logical control agent against apple scab, 
particularly for orchard testing and for 
studies on fitness and adaptability of the 
biocontrol agent. 

The objectives of this survey were to 
make a collection of fungi to be subse-
quently tested for their potential as bio
control agents and to acquire knowledge 
on the diversity of the microflora of dead 
apple leaves. 

The sampling was done in six apple 
(M. pumilacv. Mclntosh) orchards repre-
senting différent apple growing régions 
in the province of Québec, Canada. The 
orchards were situated at Covey Hill (lat. 
45°01' N, long. 73° 48' W), Deschambault 
(lat. 46°39' N, long. 71°56' W), Frelighs-
burg (lat. 45°03' N, long. 72°50' W), île 
d'Orléans (lat. 46°55' N, long. 70°58' W), 
Mont Saint-Hilaire (lat. 45°33' N, long. 
73°10' W), and Saint-Joseph-du-Lac (lat. 

45°32' N, long. 74°00' W). Thèse orchards 
had been abandoned for more than 5 yr. 
Itisvery unlikelythatfungicidetreatment 
or residues could hâve affected the nat
ural fungal microflora. Dead apple leaves 
lying on the ground were collected arbi-
trarily twice in 1993. The first collection 
was done in the spring after snow melt 
between 20 April and 23 April. The sec
ond collection was carried out just before 
the first snow fall in the fall, between 9 
November and 15 November. The leaves 
were stored in paper bags and refriger-
ated at 4°C until processed (not more 
than 4 wk later). 

Two isolation methods were employed 
to recover the largest number of organ
isms possible. In the first method, for 
each orchard, arbitrarily chosen leaves 
were placed in glass pétri dishes of 9-cm 
diam containing a Whatman filter paper 
saturated with distilled water to provide 
a moist environment. The pétri dishes 
(four plates for each température level) 
were incubated at each of eight différent 
températures (-2, 0, 2, 4, 6, 10, 18, and 
24°C), to favor growth of mesophilic and 
psychrophilicfungi, for 2-3 wk. The leaves 
were observed under a dissecting micro
scope and each mass of spores, fruiting 
bodies or mycelia was transferred to a 
half-strength V8 agar média (Dhingra and 
Sinclair 1985) amended with 100 u.g m l 1 

of chlorotetracycline and 200 (ig m l 1 of 
streptomycin. 

For the second method, 10 g of non-
rinsed leaves were homogenized in a 
blenderwith 100 ml_ distilled water. The 
homogenates were diluted from 101to 
103 with four replicates per dilution. 
Aliquots of 0.5 mL of the suspensions 
were spread on V8 agar médium (half 
strength, with antibiotics as described 
above) and on potato agar made from an 
infusion of 200 g of unpeeled potatoes 
boiled for 0.5 h. The latter médium (used 
to favor the basidiomycetes) was also 
amended with 15 [ig mL1 of benomyl 
(diluted in 95% alcohol). Antibiotics and 
the fungicide were added after autoclav-
ing. In this method, there were four rep-
licate plates for each médium for each 
dilution. There were 144 plates (6 or
chards x 2 média x 3 dilutions x 4 repli
cates) incubated at each of the eight tem
pérature levels from -2 to 24°C for 3-4 wk. 
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Colonies w i th dif férent morpho log ies 
were transferred to V8 médium. Isolated 
fungi were identified according to the mor-
phology of their structures (Barnett and 
Hunter 1987; Hanlin 1990). 

From the spring collection, 189 différ
ent isolâtes were obtained and 7 1 % of 
them were identif ied. They belonged to 
38 différent gênera (Table 1). The most 
common gênera were: Alternaria, Cla-
dospohum, Coniothyrium, Pénicillium, 
Phoma, Trichoderma and members of 
the order Mucorales. Aspergillus, Brachy-
sporium, Curvularia, Geotrichum, Monil-
ia, Mycogone, Tubercularia, and yeasts 
were isolated only f rom homogenized 
leaves. The gênera Arthrobotrys, Cephalo-
sporium, Chaetomium, Chaetophoma, 
Chalara, Diplodia, Hendersonia, Humico-
la, Hyalodendron, Paecilomyces, Pesta I-
otia, Pyrenochaeta, Rhinotrichum, Rhizoc-
tonia, Selenophoma, Sphaeropsis, Vari-
cosporium and Verticillium were isolat
ed only by the intact leaf method. From 
the autumn collection, 156 différent iso
lâtes were obtained and 69% were iden
t i f ied, for a total of 26 gênera (Table 1). 
Alternaria, Candida, Cladosporium, Co
niothyrium, Epicoccum, Trichoderma, 
members of the Mucorales and yeasts 
were the most c o m m o n . Bactrodes-
mium, Ceratosporella, Chaetomium, Cy-
lindrocarpon, Gilmaniella, Gliomastix, 
Monilia, Papularia, Phoma and various 
Mucorales were isolated only f rom dilut-
ed leaf homogenates. Melanconium, 
Scie rôti nia, Trichoderma and Trichothe-
cium were isolated only by the intact leaf 
method. When the two collections were 
compared (Table 1 ), 23 gênera were found 
only in the spring, conversely 11 gênera 
appeared only in the fall collection. 

Because the leaves used for di lut ion 
plating were not surface sterilized, some 
of the organisms recovered may hâve 
corne f rom the phylloplane, and may not 
be endophytes. Gênera found only by 
the di lut ion plating method may not be 
common on or in the leaves, so they 
would be difficult to isolate f rom intact 
leaves because of compéti t ion f rom fast-
er growing fungi . In fact, several fungi 
were isolated only once. On the other 
hand, it was demonstrated (Petrini 1991) 
that some epiphytes may, under appro-
priate condit ions, colonize the interior of 

the host tissues. In the dead leaves used 
in the présent study, it was assumed that 
there was no host specificity required for 
the endophytes to colonize the tissue due 
to the absence of host défenses présent 
in l iving plants. Some epiphytic fungi 
may switch to an endophytic life style, 
first to décompose the leaf, and second 
to protect themselves against adverse 
condit ions (snow cover) and also to re
duce antagonistic activities by compét i 
t ive microorganisms. 

According to Bessey (1950) and Bar
nett and Hunter (1987), 18 of the 49 gên
era obtained are recorded as saprophytes, 
25 as both saprophytes and parasites, 
and 6 as parasites only. More specifical-
ly, 11 of thèse potentially parasitic gênera 
are recorded as apple tree pathogens in 
QSPP (1992) including Alternaria, Cla
dosporium, Coniothyrium, and Fusarium. 
Since many isolâtes were not identif ied 
to the species level, we do not know 
whether the spécifie isolâtes found in the 
orchards are pathogenic to apple. 

The fungi were classified into three 
groups, depending on the range of tem
pératures at which they were isolated. 
Fungal gênera isolated at cold tempéra
tures (-2 to 10°C) were Aspergillus, Cylin-
drocarpon, Diplodia, Geotrichum, Hend
ersonia, Selenophoma, Sphaeropsis, Tu
bercularia, Varicosporium, and Verticil
lium. Gênera of wa rm températures (18 
and 24°C) were Arthrobotrys, Brachyspo-
rium, Chaetophoma, Chalara, Curvularia, 
Gilmaniella, Gliomastix, Humicola, Hyalo
dendron, Melanconium, Monilia, My
cogone, Pestalotia, Rhinotrichum, Scle-
rotinia, and Trichothecium. The fol low-
ing gênera, were isolated f rom cold as 
wel l as f rom warm températures and 
const i tu te the last g roup , Alternaria, 
Aureobasidium, Bactrodesmium, Botry-
tis, Candida, Cephalosporium, Cerato
sporella, Chaetomium, Cladosporium, Co
niothyrium, Epicoccum, Fusarium, Mor
tier ella, order Mucorales, Paecilomyces, 
Papularia, Pénicillium, Phoma, Pyreno
chaeta, Rhizoctonia, Trichoderma, Ulo-
cladium, and yeasts. 

The fungi isolated solely at cold tem
pératures were infrequent, so we cannot 
détermine perse whether more samples 
wou ld hâve revealed their présence at 
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Table 1. Number of isolâtes of 49 fungal gênera recovered from dead apple (M. pumila) leaves 
in Québec orchards in spring and fall 1993a 

Gênera 

Spring Fall 

Gênera Method 1 Method 2 Method 1 Method 2 
(no. isolâtes) (no. isolâtes) ( no. isolâtes) (no. isolâtes) 

Alternaria 19 2 6 7 
Arthrobotrys 1 - - -
Aspergillus - 1 - -
Aureobasidium 3 1 2 4 
Bactrodesmium - - - 2 
Botrytis 2 1 - -
Brachysporium - 1 - -
Candida 5 2 1 10 
Cephalosporium 3 - - -
Ceratosporella - - - 6 
Chaetomium 1 - - 1 
Chaetophoma 1 - - -
Chalara 1 - - -
Cladosporium 21 9 12 30 
Coniothyrium 12 2 1 14 
Curvularia - 1 - -
Cylindrocarpon - - - 1 
Diplodia 1 - - -
Epicoccum 1 2 7 15 
Fusarium 6 5 4 4 
Geotrichum - 2 - -
Gilmaniella - - - 1 
Gliomastix - - - 1 
Hendersonia 1 - - -
Humicola 1 - - -
Hyalodendron 1 - - -
Melanconium - - 1 -
M on i lia - 1 - 1 
Mortierella - - 2 1 
Order Mucorales 1 12 - 11 
Mycogone - 3 - -
Paecilomyces 2 - - -
Papularia - - - 2 
Pénicillium 14 3 1 8 
Pestalotia 1 - - -
Phoma 10 1 - 8 
Pyrenochaeta 2 - - -
Rhinotrichum 1 - - -
Rhizoctonia 1 - 1 1 
Sclerotinia - - 1 -
Selenophoma 1 - - -
Sphaeropsis 1 - - -

O) Trichoderma 11 9 10 -
co Trichothecium - - 1 -
r». Tubercularia - 1 - -
r* Ulocladium - - 1 1 
Z 

o 
Varicosporium 1 - - -

H Verticillium 1 - - -
O 
LU 
h-

Yeasts - 5 1 14 

O 
ce 

a Two isolation methods were employed : : method 1 refers to isolation under binocular and 
a. 
O 

method 2 refers to isolation from s i leaf décoct ion plat ing. 
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highertempératures. The m o s t c o m m o n 
gênera were isolated relatively equally 
over the whole température range. Fur-
ther testing wou ld be needed to déter
mine whether the isolâtes are true psy-
chrophiles. Nevertheless, using a range 
of isolation températures has increased 
the diversity of isolâtes. 

It was also noticed that some gênera 
were found only in spécifie orchards 
(Fig. 1). For example, in the spring col
lection, nine gênera were found only in 
the Mont-Saint-Hilaire orchard. Sampling 
only one orchard wou ld hâve resulted in 
a reduced number of gênera recovered. 

Our collection contained 24 new gên
era not previously reported f rom apple 
leaves. The gênera Bactrodesmium, 
Brachysporium, Cephalosporium, Cerato-
sporella, Chaetophoma, Chalara, Curvu-

laria, Cylindrocarpon, Gilmaniella, Hend-
ersonia, Humicola, Melanconium, Moni-
lia, Mortierella, Mycogone, Papularia, 
Pyrenochaeta, Rhinotrichum, Rhizoctonia, 
Selenophoma, Sphaeropsis, Tubercul-
aria, Ulocladium, Varicosporium hâve not 
been isolated f rom green leaves or dead 
leaves by previous workers (Andrews and 
Kenerley 1978, 1979, 1980; Ross 1953; 
Simard et al. 1957). 

Our collection also contains 9 gênera 
that hâve not been reported on Malus 
spp. : Cephalosporium, Cylindrocarpon, 
Hendersonia, Monilia, Pyrenochaeta, 
Selenophoma, Sphaeropsis, Tubercul-
aria, and Ulocladium (Farr et al. 1989; 
Jones and Aldwinckle 1990). 

This survey clearly demonstrates the 
large diversity of fungal species l iving in 
or on dead apple leaves. Thèse fungi 

25 

20 

G SPRING EXCLUSIVE • FALL EXCLUSIVE 

H I SPRING TOTAL • FALL TOTAL 

COV. DESC. FREL. ÎLE ST-HIL. ST-JOS. 
ORCHARD LOCATIONS 

Figure 1. Number of gênera isolated from dead apple leaves (M. pumila) collected in orchards 
at each of six locations in Québec in the spring and fall of 1993. Total : total number of gênera 
isolated in a given orchard; exclusive : number of gênera found exclusively in the given orchard; 
COV. : Covey Hill; DESC. : Deschambault; FREL. : Frelighsburg; ÎLE : île d'Orléans; ST-HIL. : Mont 
Saint-Hilaire; ST-JOS. : Saint-Joseph-du-Lac 
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may be phylloplane inhabitants of living 
leaves, airborne colonizers of senescent 
leaves, or soil inhabitants. Several sam-
pling sites were necessary to provide a 
large diversity of gênera since the com
position of the microbial community for 
each orchard was very différent. The 
large diversity of fungal isolâtes recov-
ered should increase the chances of find-
ing antagonists that interfère with the 
overwintering of Venturia inaequalis. 
Sampling in several orchards, during two 
seasons and using two isolation meth-
ods probably helped in obtaining a high 
number of gênera. 
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