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Abstract

In the years 2001–2003 fungi were isolated from apples showing symptoms of
sooty blotch. The investigations were carried out on 11 cultivars in unsprayed or-
chards located in two regions of southern Poland. The fungi isolated from lesions
were examined for pathogenicity to the fruits in the ripeness stage. 422 isolates of
fungi causing sooty blotch were collected. In southern Poland the disease is caused
by Tripospermum myrti, Phialophora sessilis and Peltaster fructicola.
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Introduction

Sooty blotch has occurred in Central Europe already in the 17th century but the
causes of this disease remained unknown. Schweinitz (1832) cited by Williamson
and Sutton (2000) was the first who described lesions and found Dothidea pomigena
Schw. as a pathogen. In 1856 Spraque (1856 a, b) cited by Williamson and Sutton
(2000) considered fungus Asteroma pomigena Schw. to be responsible for sooty
blotch. He described lesions as dark rounded spots of diameter ranging from 7 to
15 mm occurring on the surface of the fruits. He noticed a radial highly branched
thallus. In 1883 Saccardo (1883) cited by Williamson and Sutton (2000) indicated
Phyllahora pomigena (Schw.) Sacc. as a pathogen. It was believed that this fungus
causes the disease until 1900, when Shelby (1900) cited by Williamson and Sutton
(2000) found that sooty blotch and flyspeck is caused by the same pathogen called
Leptothyrium pomi (Mont. et Fr.) Sacc. Further investigations carried out by Hesler
and Whetzel (1917) indicated that L. pomi and P. pomigena may be evenly responsi-
ble for sooty blotch and flyspeck.
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Only in 1920 Colby proved that sooty blotch and flyspeck are different diseases
caused by two different pathogens. Colby (1920) indicated that Gloeodes pomigena
(Schw.) Colby was responsible for lesions called sooty blotch. He found that this
fungus formed a dark, septate, slightly branched thallus grown only on the surface
of apples. The thallus of G. pomigena looked like a fem leaf or tree branch, but spo-
radically its structure resembled honeycomb or dense net. Colby (1920) observed
also pycnidia and spores in lesions. The pycnidium was black colored and split, jel-
lied in the center, dispersed or concentrated, and breaking irregularly. The conidial
unicellular hyaline spores were of 10–20 × 4–7 in size. In turn the studies and
observations made by Groves (1933, 1953) indicated considerable morphological
differences between colony types. Based on thallus morphological features he de-
scribed the four basic types: branched (ramosae), spotted (punctate), combed
(rimate) and blackened (fuliginous). Also Baines (1932) and Groves (1953) de-
scribed the observed conidial spores as oblong cigar-like shaped and of number of
septa ranging from 0 to 5 (most often 1–3) and variable size (3.08 × 13.8 for uni-
cellular and 3.14 × 31.4 for 5-cellular). These results were confirmed by Hickey
(1960). Also Baines (1932), Baines and Gardner (1932), Groves (1933) and
Hickey (1960) said that G. pomigena should be considered as the only pathogen
causing sooty blotch. Such view was maintained until 1994, when Johnson (1994),
Johnson and Sutton (1994), Johnson et al. (1996, 1997) proved that in the USA
sooty blotch is caused by three fungi species: Leptodontium elatius (Mang.) de Hoog,
Geastrumia polystigmatis (Bat.) Farr and Peltaster fructicola (John.) Sutton et Hodges.
Currently, further investigations are carried out to determine other infectious fac-
tors that may cause this disease. No fungi of features similar to those of G. pomigena
was found in the scientific literature. Thus, one can conclude that researchers mis-
identified this pathogen by considering germinated conidial spores of P. fructicola
as multicellular spores of G. pomigena (Johnson et al. 1996). Kern (personal com-
munication, 2001) in southern Germany indicate fungi P. fructicola, Tripospermum
myrti (Lind.) Hughes, T. camelopardus (Ing.) Dann et Mc Dougall and Phialophora
sessilis de Hoog as possible causing agents. Although the details of pathogen devel-
opment cycle have not been determined yet (Williamson and Sutton 2000), it is
known that fungi causing sooty blotch overwinter in the form of pycnidia and my-
celium fragments on twigs of numerous trees. The aim of this study was to identify
fungi responsible for sooty blotch symptoms on 11 cultivars of apples in unsprayed
orchards in southern Poland.

Material and methods

The research studies were carried out on apples showing typical symptoms of
sooty blotch as dark spots 7–15 mm diameter with hyphae on fruit surface. In the
years 2001–2003 the fruits were taken in ripeness phase when lesions were highly
developed. Apples came from unsprayed trees of selected apple cultivars in or-
chards situated in four locations near Cracow and Sandomierz. Every year, five ap-
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ples of each cultivar with typical dark superficial blotches (covering up to 80% of
the surface) were taken. In laboratory fungi were isolated from the spots on the
fruits. The analyzed fruits have not been disinfected chemically or washed in water
before isolation. The superficial blotches of mycelium was taken by using a prepa-
ration needle and then placed into Petri dishes filled with water agar with 5% of ap-
ple juice added. The growth of bacteria and the fungi Penicillium were inhabited by
added an agar with 40 ppm of streptomycin and lactic acid (15 ml for 1000 ml of
agar) to medium. The obtained isolates were incubated for seven days at 17–21°C,
and then by consecutive inoculations onto water agar containing 5% of apple juice
the characteristic colonies of microorganisms as contamination and the fungi
Penicillium, Alternaria, Cladosporium and yeasts were eliminated. The resulting colo-
nies were many times inoculated on PDA with 5% of apple juice added to obtain its
pure cultures. The sporulation of fungi was evaluated after seven and 10 days from
inoculation. In each isolate (100 spores per sample) spore length and width were
measured. Width of hypha and septa spacing were measured on a sample of 100
hyphae per isolate.

The pathogenicity of obtained isolates was tested on the fruits of cultivar
‘Golden Delicious’ which were harvested in ripeness phase (early October). The
fruits were disinfected by dipping for 15 s in 70% ethanol and then flushed with
distilled water. Next the fruits were inoculated with water suspension (for each
isolate of fungi) containing 4 × 105 colony forming units (spores and hyphae) in 1
ml of sterile distilled water. Apple juice was added into each suspension up to con-
centration of 0.5%. Such a suspension prepared was applied on 10 fruits on which
five round inoculation zones of 25 mm in diameter were set up. Fruit treated with
distilled water supplemented with 0.5% apple juice were considered as control.
Then, the fruits were placed in a wet chamber at 19–22°C. After 24–29-day-incuba-
tion, the fruits showed typical sooty blotch symptoms in the form of dark olive
spots of 3–4 mm in diameter. After development of spots of disease symptoms,
fungi were reizolated from infected fruits in order to verify their pathogenicity. The
fungi causing such lesions were considered as responsible for this disease. Only
isolates capable to produce disease symptoms were subjected to macro- and micro-
scopic identification. Based on macroscopic analysis (mycelium color, texture,
growth rate on PDA) the isolates were divided into six groups to facilitate further
identification. The pathogenic fungi isolates were identified by using keys
(Ainsworth 1973, Carmichael 1971, Ellis 1971, Taxonomy... 1971, Kendrick and
Nag Raj 1979, Luttrell 1979) and mycological studies (Cole and Samson 1979,
Gams et al. 1998, de Hoog et al. 1999, Johnson and Sutton 1994, Johnson et al.
1997, Pirozynski 1971, Shoji et al. 1986).

Results

In the years 2001–2003, from apple fruits showing sooty blotch symptoms 510
fungi isolates were obtained in total (Table 1). The highest amount of isolates
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(157) was obtained from apples taken for testing purposes in the village of
Samborzec located in the Sandomierz horticultural region. Among cultivars under
investigation the largest number of isolates was obtained from fruits of ‘Golden
Delicious’, ‘Starkrimson’ and ‘Cesarz Wilhelm’. These cultivars showed the high-
est fruit infestation in ripeness phase. Among collected fungi isolates only some of
them showed pathogenicity to apples. In the Cracow area 191 of 243 isolates pro-
duced sooty blotch symptoms on the fruits under examination, while such patho-
genicity was confirmed for 231 of 267 isolates from the Sandomierz area. Further
macro- and microscopic investigations were carried out for the fungi of confirmed
pathogenicity to apples. Based on macroscopic features the analyzed fungi were di-
vided into six groups (Table 2) of highly different appearance of three-week colony
grown on PDA. The isolates of pale or dark brown colored mycelium obverse pre-
dominated (214 isolates). The colonies of black or dark gray obverse were repre-
sented by 110 isolates. The smallest group contained isolates of gray or olive
colored mycelium. As a result of detailed microscopic observations, including mea-
surements of most of spores, hyphae and analysis of spore structure, color and for-
mation, all the isolates were identified. The largest fungi group included 214
isolates identified as T. myrti. They featured of dark or pale brown obverse, some-
times slightly bright in its central part. Its reverse was mainly black or dark brown
colored. The shape of dark conidial multicellular spores was star-like. 130 isolates
were identified as P. sessilis. The smallest group consisted of P. fructicola (Table 3).
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Table 1
Number of fungi isolated obtained from the fruits showing sooty blotch

symptoms in the years 2001–2003

Cultivar

Observation area

Cracow Sandomierz

Mydlniki Zagórzyce Zdanów Samborzec

‘Florina’ 6 10 4 12

‘Rubinola’ 8 2 7 10

‘Topaz’ 8 6 6 4

‘Novamac’ 7 10 7 3

‘Jonagold’ 7 8 8 12

‘Golden Delicious’ 16 21 14 28

‘Šampion’ 8 10 12 14

‘Starkrimson’ 12 16 14 24

‘Gloster’ 10 14 14 8

‘Cesarz Wilhelm’ 18 20 16 24

‘Jonatan’ 16 10 8 18
Total

Pathogenic
116

89
127
102

110
99

157
132
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Table 2
Macroscopic characteristics of three-week-old colonies on PDA of pathogenic

isolates causing sooty blotch

Group Number
of isolates Obverse Reverse

I 130 pale brown colony, velvet, highly crowned central part,
regular edge, diameter of 30 mm

brown with bright
fringe

II 84 dark brown colony with bright edge, wrinkled central part,
convex, regular edge, diameter of 40 mm

black

III 70 black colony, olive in central part, leathery, wavy edge,
embedded, diameter of 45 mm

black

IV 40 dark gray colony with black rim, convex, leathery, light gray
central part, regular edge, diameter of 30 mm

black with brighter
central part

V 20 gray colony, wrinkled central part, slightly convex,
embedded edge, diameter of 40 mm

black

VI 78 dark olive colony, leathery, flat, wavy edge, diameter of 45 mm dark olive

Table 3
Microscopic characteristics of spores and hyphae of pathogenic fungi

causing sooty blotch

Pathogen Number
of isolates

Spores Hyphae

shape and
color

size –
length × width

spore
formation

septa
spacing width color

Tripospermum myrti 214 stauro-
spores of
star-like
structure,
colorless

base 7.0–9.0 ×
5.0–7.0 , straight
arms of 25 in
length and width
base 5 , top
1.8–2.2 , arms
1–4 septa

on conidiophores
of 75 in length
(65–82 )and6.5
in width
(4.0–5.6 )

regular,
14
(12–20 )
in average

4–8 dark

Phialophora sessilis 130 oval,
colorless

3.0 × 1.8
(3.0–3.3 ×
1.5–2.0 )

short seated
phialides of 2
in length and
1.5 in width
(1.8–2.1 ×
1.0–1.8 ), dark
collar, visible

regular,
every 18
(10–30 )
in average

2.0–
–2.5

colorless

Peltaster fructicola 78 oval,
colorless

4.1 × 1.0
(3.6–7.2 ×
0.7–1.1 )

on vegetative
hyphae and oval
pycnidia of 60 ×
30 in size
(52–100 ×
20–40 )

no septa 2.0–
–4.0

colorless



Discussion

So far the fungus G. pomigena was believed to cause sooty blotch. Only in 1994 it
was found in the USA that this disease is caused by several fungi species, namely P.
fructicola, L. elatius and G. polystigmatis. No fungus described as G. pomigena was
found on apples showing sooty blotch symptoms (Johnson 1994). The results pre-
sented in this paper also do not confirm the occurrence of this fungus in southern
Poland. The three fungi which were found in lesions species so far not assigned to
sooty blotch in Poland. Among these species isolated from infected apples T. myrti
predominated, while P. sessilis occurred less frequently and P. fructicola – that in-
fested apples in the USA – was found only sporadically. The obtained results are
consistent in part with research studies carried out in southern Germany by Kern
(personal communication, 2001). She reported several fungi species responsible
for sooty blotch in Germany and in addition to P. fructicola she indicated three other
fungi: T. myrti, T. cameloparculus and P. sessilis. The rare occurrence of P. fructicola
may result from its higher susceptibility to low relative humidity (Johnson and
Sutton 2000). Despite of different etiology of sooty blotch in Europe and the USA,
the same types of thallus in lesions conditions was observed in Poland. In recent
years the studies were carried out to find relations between type of colony (thallus)
and pathogen species. It was found that P. fructicola is connected with branched and
spotted types of thallus (Johnson et al. 1996), L. elatius with spotted (Johnson et al.
1997), while G. polystygmatis with branched structure (Johnson and Sutton 1994).
My preliminary studies have indicated the branched thallus predominates.

Summary

The aim of this study was to identify fungi responsible for sooty blotch symp-
toms. 11 apple cultivars growing in unsprayed orchards situated in two regions of
southern Poland were analyzed. 510 isolates of fungi were obtained, among of
them 422 caused sooty blotch symptoms after inoculation. After identifying patho-
genic isolates, it was found that the fungi Tripospermum myrti, Phialophora sessilis and
Peltaster fructicola are responsible for this disease in Poland. More than 50% of iso-
lates contained T. myrti. The isolates of P. fructicola were rarest. The fungus Gloeodes
pomigena – believed to cause the disease in Poland – was not observed in place of
spots.
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Streszczenie

ETIOLOGIA BRUDNEJ PLAMISTOŚCI JABŁEK W WYBRANYCH REJONACH
POŁUDNIOWEJ POLSKI

Celem przeprowadzonych badań było poznanie grzybów wywołujących objawy
brudnej plamistości jabłek. Badaniami objęto 11 odmian jabłoni w sadach niechro-
nionych zlokalizowanych w dwu rejonach południowej Polski. Z plam na owocach
uzyskano 510 izolatów różnych grzybów, z czego 422 po inokulacji wywoływały
objawy brudnej plamistości jabłek. Po oznaczeniu patogenicznych izolatów oka-
zało się, że sprawcami choroby w południowej Polsce są grzyby: Tripospermum myr-
ti, Phialophora sessilis oraz Peltaster fructicola. Ponad 50% izolatów stanowił gatunek
T. myrti. Najrzadziej występowały izolaty P. fructicola. Nie stwierdzono występowa-
nia w miejscu plam grzyba Gloeodes pomigena, uważanego za sprawcę brudnej plami-
stości jabłek w Polsce.
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