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Abstract

Strawberry cultivars: ‘Dukat’, ‘Elkat’, ‘Elsanta’, ‘Honeoye’, ‘Karel’, ‘Kent’, ‘Ko-
rona’, ‘Pegasus’, ‘Real’, ‘Redgauntlet’, ‘Selva’, ‘Senga Sengana’, ‘Tenira’ and ‘Tago’
were examined under laboratory conditions for their susceptibility to Phytophthora
cactorum and P. citricola. Symptoms caused by both species were similar. High sus-
ceptibility to leather rot was shown by ‘Elkat’, ‘Elsanta’, ‘Honeoye’, ‘Kent’ and
‘Korona’. The lowest degree of infection was found in ‘Senga Sengana’ fruits. In
some cultivars (‘Elkat’, ‘Kent’, ‘Pegasus’, ‘Selva’, ‘Korona’) an unpleasant smell
characteristic of leather rot was found. In the tissues of infected fruits the oospores
of P. cactorum and P. citricola were present.

Key words: Fragaria × ananassa, fruits, leather rot, smell, oospores

Introduction

Leather rot caused by Phytophthora cactorum affecting strawberry fruit was first
identified and described in the USA by Rose (1924). The author noted close rela-
tion between epidemic development of the disease and the occurrence of heavy
rains (Rose 1926). Since the first report, leather rot has been found in different lo-
cations in the world, sometimes causing serious problems in the USA and some
parts of Europe (Duncan 2002). In Poland it was first observed in 1995–1996 in
strawberry plantations near Poznań and Skierniewice (Gołębniak and Wachowiak
1999, Bielenin 2002). In subsequent years, it occurred with variable intensity on
cultivars ‘Senga Sengana’, ‘Elsanta’, ‘Selva’, ‘Syriusz’, ‘Dukat’ and ‘Kent’ (Bielenin
2002).
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Phytophthora cactorum can affect strawberries at each stage of their development
(Ellis and Grove 1983, Madden et al. 1991, “Compendium...” 1992). In green ber-
ries, the affected parts are dark brown; as the disease progresses, entire berries be-
come brown and leathery (Ellis and Grove 1983). In ripe fruits, the colour of
affected tissues varies from rosy through purple to brown. White mycelium of the
pathogen is sometimes found on the surface at high air humidity. Infected berries
have a characteristic unpleasant smell and are bitter in taste.

Leather rot is a relatively recent disease in Poland, where it has not yet been suf-
ficiently studied, also in terms of cultivar susceptibility. The aim of this study was
to evaluate the response of selected strawberry cultivars to infection of their fruits
by different P. cactorum isolates.

In the course of a research on the epidemiology of leather rot and methods of its
control in Agricultural University of Poznań, Department of Plant Pathology, it
was found that the disease could be caused also by P. citricola (Irzykowska et al.
2005); therefore, also isolates of the species were used in the susceptibility assess-
ment.

Materials and methods

The susceptibility to leather rot was assessed under laboratory conditions
through artificial inoculation of detached berries. Following strawberry cultivars
were investigated: ‘Dukat’, ‘Elkat’, ‘Elsanta’, ‘Honeoye’, ‘Karel’, ‘Kent’, ‘Korona’,
‘Pegasus’, ‘Real’, ‘Redgauntlet’, ‘Selva’, ‘Senga Sengana’, ‘Tenira’ and ‘Tago’. Two
experiments were performed. Six P. cactorum isolates and two P. citricola isolates
were used for inoculation of berries, which was performed by inserting PDA
(Merck) disks with cultures of Phytophthora spp. into an incision made in the fruits
near peduncle. Four P. cactorum isolates (Pc-5, Pc-9, Pc-10, Pc-14) have been ob-
tained from infected fruits, the other two (Peg-01, W-72) from crown. Phytophthora
citricola isolates (Pc-3 and Pc-8) derived from strawberry fruits.

Before inoculation, berries were immerged for a few seconds in a 0.3% solution
of Rovral Flo 255 SC (iprodion) fungicide for protection against grey mould (Botry-
tis cinerea). 40 berries of each cultivar were inoculated in four replications (4 × 10)
with each of the isolates used. Inoculated berries were put on sterile Petri plates,
covered with polyethylene foil and incubated at about 25°C. The leather rot devel-
opment was assessed after three days. Sterile PDA disks were used in a control
combination.

The assessment of the disease development was based on the extent of rot visi-
ble on the surface and in the flesh of the inoculated berries, which were also exam-
ined for the presence of white Phytophthora spp. mycelium and the characteristic
smell.

Seven to 10 days after inoculation, sections obtained from 10 inoculated berries
of each cultivar were microscopically examined for the presence of Phytophthora
spp. oospores in infected tissues.
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The statistical calculations were performed with computer program STAT, with
Bliss transformation used for percentage data processing, and a Student’s t-test for
mean value comparison at significance level � = 0.05.

Results

The response of fruits to infection by P. cactorum and P. citricola varied in the
cultivars considered. The lowest degree of infection was found in ‘Senga Sengana’
berries, with 24.5% to 30.4% of surface affected three days after inoculation,
against 67.9% to 92.0% in ‘Elkat’, which proved very susceptible (Table 1). The re-
sponse of ‘Senga Sengana’ to different Phytophthora spp. isolates was similar. Be-
side ‘Elkat’, high susceptibility was also shown by ‘Elsanta’, ‘Honeoye’, ‘Kent’ and
‘Korona’. The other cultivars displayed higher or lower susceptibility, depending
on the isolate used. In ‘Seal’, ‘Karel’, ‘Pegasus’, ‘Real’ and ‘Redgauntlet’, the rot ex-
tent did not exceed 50% of fruit. ‘Honeoye’ berries showed a relatively low statisti-
cally significant degree of infection by Pc-3 P. citricola isolate (Table 2).

Symptoms caused by both Phytophthora species were similar: discolouration
(from rosy to brown) of surface and flesh of the inoculated berries and sometimes
white mycelium. Some berries had a “boiled” appearance. In some cultivars
(‘Elkat’, ‘Kent’, ‘Korona’, ‘Pegasus’, ‘Selva’) leather rot development was accompa-
nied by the characteristic unpleasant smell. White mycelium of the pathogens oc-
curred on fruits of ‘Korona’, ‘Kent’, ‘Honeoye’ and ‘Elsanta’. After seven days in
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Table 1
Response of strawberry cultivars to infection of fruits by Phytophthora cactorum

isolates Pc-5, Peg-01, W-72 and P. citricola isolate Pc-8 three days
after inoculation

Cultivar
Average percentage of fruit surface with leather symptoms

Pc-5 Peg-01 W-72 Pc-8

‘Elkat’ 67.9 g 92.0 d 82.1 e 80.3 e

‘Seal’ 43.3 cd 46.3 c 43.4 cd 32.8 ab

‘Karel’ 41.0 bcd 34.3 ab 34.7 bc 38.0 bc

‘Dukat’ 50.5 de 40.0 bc 42.0 cd 30.4 ab

‘Pegasus’ 32.5 ab 45.1 c 43.6 cd 38.3 bc

‘Senga Sengana’ 27.3 a 30.4 a 24.5 a 26.3 a

‘Selva’ 43.5 cd 42.6 c 50.5 d 32.1 ab

‘Real’ 34.3 abc 39.4 bc 43.0 cd 43.1 c

‘Redgauntlet’ 33.6 ab 31.5 a 32.6 b 41.8 c

‘Tenira’ 55.9 ef 44.8 c 46.8 d 62.3 d

‘Korona’ 63.1 fg 42.0 c 44.1 cd 63.3 d

Values in columns marked by the same letters do not differ at 5% level of significance.



the tissues of all tested cultivars berries numerous thick-walled spherical oospores
of P. cactorum and P. citricola were found.

Discussion

Scarce data concerning susceptibility of different strawberry cultivars to leather
rot are available. Many cultivated cultivars are susceptible to this disease. Ellis and
Grove (1983) in their study of 10 cultivars in Ohio, found all of them susceptible to
leather rot. High susceptibility was also shown by six strawberry cultivars
(‘Elsanta’, ‘Kent’, ‘Korona’, ‘Marmolada’, ‘Syriusz’, ‘Tarda Vicoda’) studied by
Gołębniak and Wachowiak (1999) under laboratory conditions. In a study by
Bielenin (2002) leather rot infested to high or medium degree ‘Elsanta’, ‘Elkat’,
‘Dukat’, ‘Kent’ and ‘Selva’, but only to a very limited extent ‘Pegasus’.

In the present study the lowest degree of berry infestation by P. cactorum was
found in ‘Senga Sengana’. However, under field conditions the incidence of leather
rot was noted on this cultivar, for example: 20% of infected fruits in 1996 in the re-
gion of Skierniewice (Bielenin 2002).

The characteristic off-odour accompanying leather rot development in some
cultivars was analyzed by Jeleń et al. (2005) in six strawberry cultivars infected by
P. cactorum. The smell was found to be caused by two chemical compounds present
in the tissues of infected berries: 4-ethylphenol and 4-ethyl-2-methoxyphenol,
whose quantity proved correlated with the intensity of smell. This specific
off-odour is sometimes so intense that it can be smelled hundreds of meters away
from a strawberry plantation affected by leather rot (Ellis and Grove 1983, Madden
et al. 1991). In the present study in some cultivars leather rot development was
also accompanied by this unpleasant odour.
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Table 2
Response of strawberry cultivars to infection of fruits by Phytophthora cactorum

isolates Pc-9, Pc-10, Pc-14 and P. citricola isolate Pc-3 three days after inoculation

Cultivar
Average percentage of fruit surface with leather symptoms

Pc-9 Pc-10 Pc-14 Pc-3

‘Elsanta’ 93.4 d 89.5 cd 86.9 de 74.1 bc

‘Honeoye’ 83.5 bc 80.3 c 74.6 c 41.3 a

‘Kent’ 87.1 bcd 82.9 cd 84.0 d 72.8 bc

‘Korona’ 89.6 cd 93.0 d 94.1 e 78.8 c

‘Real’ 81.0 b 60.1 ab 66.0 ab 69.8 bc

‘Tenira’ 64.8 a 58.4 a 60.9 a 70.0 bc

‘Redgauntlet’ 70.6 a 68.4 b 72.6 bc 35.5 a

‘Tago’ 64.3 a 64.0 ab 61.3 a 66.0 b

Values in columns marked by the same letters do not differ at 5% level of significance.
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