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Lesions of 

 

Phytophthora infestans

 

 were found on woody nightshade (

 

Solanum dulcamara

 

), black nightshade (

 

S. nigrum

 

)
and 

 

S. sisymbriifolium

 

 during a nationwide late blight survey in the Netherlands in 1999 and 2000. Pathogenicity
and spore production of 

 

P. infestans

 

 isolates collected from potato (

 

S. tuberosum

 

), 

 

S. nigrum

 

, 

 

S. dulcamara

 

 and

 

S. sisymbriifolium

 

 were determined on several host plant species, and oospore formation in naturally infected and
inoculated foliage of hosts was quantified. The present population of 

 

P. infestans

 

 in the Netherlands is pathogenic on

 

S. nigrum

 

, 

 

S. dulcamara

 

 and 

 

S. sisymbriifolium

 

. Oospores were produced in leaves of 

 

S. nigrum

 

, 

 

S. dulcamara

 

 and

 

S. sisymbriifolium

 

 following infection with A1 and A2 isolates. Therefore these plant species should be regarded as alter-
native hosts for the late blight pathogen. In the case of 

 

S. nigrum

 

 and 

 

S. dulcamara

 

 infection was a relatively rare event,
suggesting that diseased plants do not significantly contribute to the overall late blight disease pressure present in potato-
production areas. Oospore production in ageing 

 

S. nigrum

 

 and 

 

S. dulcamara

 

 plants in autumn, however, may generate
a considerable source of (auto) infections in following years. Considerable numbers of sporangia and oospores were
produced on 

 

S. sisymbriifolium

 

 following infection with 

 

P. infestans

 

. Additional field infection data are needed to evaluate
the epidemiological consequences of a commercial introduction of 

 

S. sisymbriifolium

 

 as a potato cyst nematode
trap crop.
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Introduction

 

The oomycete 

 

Phytophthora infestans

 

, the cause of
late blight in potato and tomato, is considered one of the
most important pathogens of potatoes worldwide. The
pathogen affects leaves, stems and tubers, leading to
serious yield losses and high costs for chemical control. In
Europe, potatoes and tomatoes are the principal hosts
for 

 

Phytophthora infestans.

 

 An introduction of a diverse
population of 

 

P. infestans

 

 into Europe that is likely to have
originated in central Mexico (Spielman 

 

et al

 

., 1991) trig-
gered important changes in the population structure and
epidemiology of 

 

P. infestans

 

 in western Europe. Evidence
is accumulating that 

 

P. infestans

 

 reproduces sexually in
many countries in western Europe (Drenth 

 

et al

 

., 1994;
Sujkowski 

 

et al

 

., 1994; Andersson 

 

et al

 

., 1998; Turken-
steen 

 

et al

 

., 2000). Sexual reproduction changes the
epidemiology of potato late blight for two reasons. First,

infected potatoes can produce oospores, the sexual resting
spores that serve as survival structures and primary inoc-
ulum. Second, sexual reproduction provides a means of
meiotic recombination and increases genetic variation in
sexually reproducing populations of 

 

P. infestans

 

.
Apart from oospores surviving in the soil, 

 

P. infestans

 

overwinters in potato tubers in storage, in potato cull piles
and in tubers left on the field after harvest (van der Zaag,
1956; Hirst & Stedman, 1960). Infected tubers and
oospores are thought to be the initial sources of inoculum
in the following growing season (Hirst & Stedman, 1960;
Andersson 

 

et al

 

., 1998; Turkensteen 

 

et al

 

., 2000). The
introduction of a highly variable and sexually reproduc-
ing 

 

P. infestans

 

 population in the Netherlands raises
concerns about the potential of 

 

P. infestans

 

 to infect other
solanaceous plant species. A broadening of host range
could interfere with current late blight management strat-
egies, as alternative hosts may act as overwintering hosts,
and could serve as refuges for the pathogen from which

 

P. infestans

 

 can infect potato crops throughout the grow-
ing season. Few reports exist on colonization of alterna-
tive hosts in Europe prior to the displacement of the US-1
clonal lineage by a new 

 

P. infestans

 

 population. The
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herbaceous perennial woody nightshade (

 

Solanum dulca-
mara

 

) and annual black nightshade (

 

S. nigrum

 

) have both
been identified as native host plants (Erwin & Ribeiro,
1996), but confirmed records of field infections are scarce
(Hirst & Stedman, 1960; Patino 

 

et al

 

., 1996) and 

 

S. nigrum

 

is often regarded as a nonhost for 

 

P. infestans

 

 (Pieterse

 

et al

 

., 1994; Platt, 1999; Vleeshouwers 

 

et al

 

., 2000). Field
infection of 

 

S. dulcamara

 

 by 

 

P. infestans

 

 has recently
been reported in Ireland (Cooke 

 

et al

 

., 2002). Adaptation
of potato isolates on 

 

S. dulcamara

 

 by means of recurrent
inoculations on detached leaves has been described by
Turkensteen (1973). In Wales, blighted 

 

S. nigrum

 

 plants
were found, and compatible 

 

P. infestans

 

 isolates have
been collected (D. S. Shaw, University of Wales, Bangor,
UK, personal communication). A nationwide late blight
survey aimed at characterizing early outbreaks of late
blight in the Netherlands from 1999 to the present has
repeatedly confirmed the presence of sporulating lesions
of 

 

P. infestans

 

 on 

 

S. dulcamara

 

,

 

 S. nigrum

 

 and 

 

S. sisymbri-
ifolium

 

 (W. G. Flier, unpublished results). In the Nether-
lands, both 

 

S. nigrum

 

 and 

 

S. dulcamara

 

 are native plant
species. The annual 

 

S. nigrum

 

 has little frost resistance,
while the extensive root system and woody stems of

 

S. dulcamara

 

 classify the latter species as a herbaceous
perennial. Originating from the pampas of South Amer-
ica, 

 

S. sisymbriifolium

 

 has been regarded as a nonhost
species for 

 

P. infestans

 

 (Sen, 1997; Scholte, 2000) and is
currently being evaluated as a potential trap crop for
potato cyst nematodes (PCN) (Scholte, 2000; Scholte &
Vos, 2000).

Current late blight management strategies in the
Netherlands are based on the eradication of initial sources

of inoculum, and slowing down epidemic development
through the application of protectant fungicides. The
presence of alternative hosts, on which late blight can
develop unnoticed, jeopardizes management strategies aimed
at reducing primary inoculum during the early stage of
crop development. Formation of oospores and possible
overwintering on alternative hosts provide new challenges
for an integrated late blight management strategy. This
study reports a series of experiments to determine the
host specificity and spore production of 

 

P. infestans

 

 isolates
collected from 

 

S. tuberosum

 

, 

 

S. nigrum

 

, 

 

S. dulcamara

 

and 

 

S. sisymbriifolium

 

 on several host plant species and
quantification of oospore formation in naturally infected
and inoculated foliage of the same hosts.

 

Materials and methods

 

Isolate collection and culture conditions

 

For the pathogenicity studies described below, a total
of 20 

 

P. infestans

 

 isolates were collected from potato,

 

S. dulcamara

 

, 

 

S. nigrum

 

 and 

 

S. sisymbriifolium

 

 (Table 1).
Isolates originating from alternative hosts were collected
from diseased plants in the Netherlands between 1999
and 2001. Isolations were made by trapping 

 

P. infestans

 

with potato tuber slices (Forbes 

 

et al

 

., 1997) followed
by culturing on selective rye agar (RA) (Grünwald 

 

et al

 

.,
2001). Reference isolates from potato were selected to
represent strains from old and new populations as well as
variation in race complexity. All isolates are part of the

 

P. infestans

 

 collection of Plant Research International,
and are maintained in liquid nitrogen storage facilities.

 

Table 1

 

Isolates of 

 

Phytophthora infestans

 

 used in compatibility and oospore production experiments

Isolate Host
Year of 
collection Location

 

a

 

Race
Mating 
type

mtDNA 
haplotype

IPO00513

 

S. sisymbriifolium

 

2000 Hoogezand 1.2.3.4.5.6.7.8.10.11 A2 Ia
IPO00518

 

S. sisymbriifolium

 

2000 Hoogezand 1.2.3.4.5.6.7.8.10.11 A2 Ia
IPO00520

 

S. sisymbriifolium

 

2000 Hoogezand 1.2.3.4.5.6.7.10.11 A2 Ia
IPO01521

 

S. sisymbriifolium

 

2001 Wageningen 1.3.7.8.11 A1 Ia
IPO01522

 

S. sisymbriifolium

 

2001 Wageningen 1.3.7.8.11 A1 Ia
WAU01001

 

S. sisymbriifolium

 

2001 Wageningen 1.2.3.7.8.11 A1 Ia
Sn001A

 

S. nigrum

 

1999 Wageningen 1.2.3.4.5.7.8.10.11 A1 Ia
Sn002

 

S. nigrum

 

1999 Wageningen nd

 

b

 

A1 Ia
Wild9

 

S. nigrum

 

1999 Wageningen nd A1 Ia
Wild10

 

S. nigrum

 

1999 Wageningen nd A1 Ia
Wild13

 

S. nigrum

 

1999 Wageningen nd A1 Ia
Wild14

 

S. nigrum

 

1999 Wageningen nd A1 Ia
IPO00501

 

S. dulcamara

 

2000 Wageningen nd A2 IIa
IPO00505

 

S. dulcamara

 

2000 Wageningen nd A1 Ia
IPO00507

 

S. dulcamara

 

2000 Wageningen nd A1 Ia
IPO98014

 

S. tuberosum

 

1998 Valthermond 1.2.3.4.7.11 A1 Ia
IPO428-2

 

S. tuberosum

 

1992 Ede 1.2.3.4.5.6.7.8.9.10.11 A2 Ia
IPO82001

 

S. tuberosum

 

1982 Gembloux (B)

 

c

 

1.2.3.4.5.6.7.10.11 A2 Ia
VK 6C

 

S. tuberosum

 

1958 nd 1.4 A1 Ib
Race 0

 

S. tuberosum

 

<1970 USA 0 A1 Ib

aAll locations are in the Netherlands except where noted.
bNot determined.
cBelgium.
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Isolates used in pathogenicity studies were cultured on
tuber slices and detached leaves of the susceptible potato
cv. Bintje according to Flier & Turkensteen (1999). Spor-
angial inoculum was prepared by washing leaves showing
abundant sporulation in 15–20 mL tap water followed by
concentration adjustment using a flow cytometer (Beckman
Coulter, Mijdrecht, the Netherlands). Sporangial suspen-
sions were kept at 18°C and used as inoculum within
30 min of preparation.

Characterization of isolates

Isolates were characterized for mating type, specific
virulence (race) and mtDNA haplotype. Mating type was
determined by in vitro crosses with known A1 and A2
tester strains (IPO98014 and IPO82001, respectively)
according to Forbes et al. (1997). Race determination was
performed according to Flier & Turkensteen (1999) using
the R1 to R11 differential set of potato clones (Black et al.,
1953; Malcolmson & Black, 1966).

DNA was extracted from cultures grown on liquid pea
broth according to Flier et al. (2003). The P1 (1118 bp),
P2 (1070 bp), P3 (1308 bp) and P4 (964 bp) regions of
the mitochondrial genome were amplified using primers
and methods described by Griffith & Shaw (1998).
Reactions were performed in a PTC200 thermocycler
(MJ Research/Biozym, Landgraaf, the Netherlands). PCR
products were digested with restriction enzymes CfoI,
MspI and EcoRI, resulting in restriction fragment band
patterns that can be classified into four different mito-
chondrial (mtDNA) haplotypes: Ia, Ib, IIa and IIb.

Compatibility and pathogenicity tests

All compatibility and pathogenicity tests were conducted
using the methods of Flier & Turkensteen (1999), with
minor modifications. Plants were grown in the greenhouse
from certified seed (potato cv. Bintje) or from stem
cuttings. Detached leaves were inoculated and incubated
in a growth chamber which was maintained at 15°C and
illuminated with 40 W fluorescence bulbs type 33 (Philips,
Eindhoven, the Netherlands) at an intensity of 15 W m−2,
16 h light per day.

Experiment 1: compatibility of P. infestans to S. nigrum 
genotype Sn001
The compatibility of P. infestans isolates collected in 1999
from diseased S. nigrum plants and reference strains from
potato were evaluated on S. nigrum genotype Sn001
collected from a potato field near Wageningen in 1999.

Plants were transferred to the greenhouse and propa-
gated through stem cuttings. Fully expanded leaves of
S. nigrum were cut and placed abaxial side up in 9 cm
diameter Petri dishes filled with 10 mL 1·5% water agar.
Two replicates per plant genotype, each comprising two
leaves, were inoculated by spraying a sporangial suspen-
sion (1·0 × 104 sporangia mL−1) with a spray nozzle at
a pressure of 0·5 kg m−2 until runoff. Nine P. infestans
isolates were used, three from each alternative host plant

species. Inoculated leaves were air-dried 24 h postinocu-
lation after which Petri plates with the inoculated leaves
were wrapped in transparent polythene bags and incu-
bated in a climate chamber for 1 week at 15°C with a light
intensity of 12 W m−2, 16 h light per day. Data were
collected 8 days after inoculation by visual estimation of
the lesion area (LA) and the surface area of each leaf using
a MINIMOP image analyser (Kontron, Munich, Germany).
Sporangia from each individual leaf were collected into a
single vial containing 10 mL ISOTON 2 solution (Beck-
man Coulter) and counted using a flow cytometer. The
total number of sporangia produced on each leaf and
spore density (SPOR, sporangia mm−2 leaf area) were
calculated from the average of two counts of 0·5 mL each.
The experiment was repeated.

Experiment 2: compatibility of P. infestans to S. nigrum 
seedlings
Randomly collected S. nigrum seedlings taken from two
potato fields were inoculated with isolates originally
collected from potato, S. dulcamara, S. nigrum and
S. sisymbriifolium in order to evaluate host specificity of
P. infestans on S. nigrum. Four randomly selected S. nigrum
seedlings were collected from a harvested potato field
near the village of Renkum (Province of Gelderland) on 25
November 2000 and from an abandoned potato field
near Wijster (Province of Drenthe) on 27 November 2000.
Plants were transferred to the greenhouse and propagated
through stem cuttings. Bioassays for LA and SPOR were
conducted as described for Experiment 1.

Experiment 3: host specificity of P. infestans isolates 
collected from various hosts
Three randomly selected isolates from potato, S. nigrum,
S. dulcamara and S. sisymbriifolium were inoculated on
potato cv. Bintje, tomato cv. Moneymaker, S. dulcamara,
S. sisymbriifolium and two S. nigrum genotypes grown
from seed. Bioassays for LA and SPOR were conducted as
described for Experiment 1.

Experiment 4: epidemic parameters of late blight on 
S. sisymbriifolium
Fully grown leaves of potato cv. Bintje and S. sisymbriifolium
were inoculated with P. infestans isolates collected from
potato and S. sisymbriifolium. Either 10 drops (IF, LP) of
10 µL of a sporangium suspension (1·0 × 104 spores mL−1)
or a single drop (SPOR) of 10 µL of a sporangium suspen-
sion (5·0 × 104 spores mL−1) was placed on the lower side
of detached leaves of potato cv. Bintje and S. sisymbriifo-
lium that were placed in 9 cm diameter Petri dishes filled
with 10 mL 1·5% water agar. Two replicates per plant
genotype, each with two leaves, were inoculated. Incuba-
tion methods were identical to experiment 1. Infection
frequency (IF) based on the fraction of sporulating lesions,
and latent period, calculated as time in days from inocu-
lation to sporulation (LP), were calculated from daily
observations of infections. Lesion size and SPOR (as
described above) were measured after 8 days’ incubation.
Lesion size (mm2) was estimated using image analysis as
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in experiment 1, but is reported in this experiment in
absolute terms and not as a proportion of leaf area.

Oospore formation

Naturally infected leaves of S. dulcamara, S. nigrum
and S. sisymbriifolium were collected in 1999, 2000 and
2001, respectively. Fully blighted leaves with multiple
lesions were incubated for 6 days at 20°C in Petri dishes
(9 cm diameter) containing 1·0% water agar.

Oospore production was measured by extracting and
counting oospores from diseased leaves. The area of each
individual leaf was measured and then homogenized in
5 mL crushed ice and 5 mL tap water (4°C) with an Ultra
Turrax mixer at 24 000 r.p.m. for 90 s. After cooling the
suspensions to 4°C, homogenization was repeated with-
out addition of ice or water. The homogenized leaf tissue
was macerated on a shaker for 2 h at 20°C by adding
Cellulase (C8001, Duchefa, Haarlem, the Netherlands)
and Macerase (Duchefa M8002) to the homogenized
samples at a final concentration of 0·5 mg mL−1 for each
enzyme. Samples were sonicated twice for 5 min and
left at 20°C overnight on an orbital shaker. Macerated
samples were washed sequentially with running tap
water on 75 and 20 µm laboratory test sieves (Endecotts
Ltd, London, UK), transferred to a 50 mL centrifuge
tube and centrifuged for 3 min at 5000 g. Approximately
40–45 mL supernatant was removed and the oospore
concentration in the pellet was determined using a Fuchs–
Rosenthal haemocytometer.

Oospore production in S. dulcamara, S. nigrum and
S. sisymbriifolium was also studied in inoculation experi-
ments. Leaves from fully grown greenhouse plants were
placed abaxial side up in 16 cm diameter Petri dishes filled
with 20 mL 2% water agar. Two replicates of two leaves
per host species were inoculated by spraying a mixed
A1/A2 sporangial suspension (1·0 × 104 sporangia mL−1)
with a spraying nozzle at a pressure of 0·5 kg m−2 until runoff.
The parental strains used were IPO98014 (A1) and

IPO428-2 (A2) (Table 1). Plates containing inoculated
leaves were placed in plastic trays, enclosed in transparent
polythene bags to inhibit desiccation, and incubated for
14 days (11°C) at a light intensity of 12 W m−2, 16 h light
per day. The experiment was repeated. Afterwards,
oospores were extracted as described previously.

Statistical analyses

Data were analysed using the genstat statistical package
release 6·0 (Payne et al., 1993). Both measured and calcu-
lated epidemic parameters were graphically checked for
normality and equal variance distributions. The SPOR para-
meter was log10 transformed, and mean values and LSDs
were back-transformed to their original dimensions follow-
ing statistical analysis. anova was used to compare means.

Results

Isolate characterization

Isolates collected from various hosts during 1999 and
2000 were confirmed to be P. infestans by morphological
and molecular characteristics. All isolates collected from
alternative hosts were of either the Ia or IIa mtDNA
haplotype (Table 1). Both A1 and A2 mating types were
represented in the isolate collection. All isolates were able
to infect potato. Both simple and fairly complex physio-
logical races were found among the isolates. Race
1.2.3.4.5.6.7.8.10.11 was the most complex race present,
while race 1.3.7.8.11 was the least complex phenotype
(Table 1).

Pathogenicity of P. infestans on S. nigrum

Solanum nigrum genotype Sn001 collected in 1999 was a
susceptible host after inoculation with P. infestans isolates
collected from several accessions of S. nigrum and culti-
vated potato (Table 2). Average lesion area ranged from

Table 2 Relative lesion area and sporulation density of Phytophthora infestans isolates collected from infected Solanum nigrum plants and potato 
inoculated on S. nigrum genotype Sn001 and potato cv. Bintje

Isolate Original host

S. tuberosum cv. Bintje S. nigrum Sn001

LA (%)a SPOR (cm−1)a LA (%) SPOR (cm−1)

IPOSn001a S. nigrum 100 64305 40 2256
IPOSn002 S. nigrum 78 40675 44 1321
IPOSn10 S. nigrum 98 37519 45 1809
IPOSn13 S. nigrum 100 46206 33 2816
IPOSn9 S. nigrum 95 40940 80 2811
IPOSn14 S. nigrum 100 47526 58 3063
IPO428-2 S. tuberosum 100 25682 58 6407
IPO82001 S. tuberosum 93 57186 28 3038
IPO98014 S. tuberosum 96 53007 25 2114
Race 0 S. tuberosum 90 56336 30 2312
VK 6C S. tuberosum 100 47275 28 1443

aLA = proportion of leaf area infected; SPOR = sporulation density.
Fisher’s least significant difference (P = 0·05): LA = 29; SPOR = 2245.
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41·9 to 95·5% on S. nigrum Sn001 and cv. Bintje, respectively.
Mean sporulation densities varied between 2704 sporangia
cm−2 for S. nigrum Sn001 and 47 046 sporangia cm−2 for
cv. Bintje. No significant differences in pathogenicity were
found for isolates collected from S. nigrum and potato.

All but two S. nigrum genotypes, originating as seed-
lings, were infected by one or more P. infestans isolates in
detached leaf inoculation experiments (Table 3). Isolates
originating from potato, S. nigrum, S. dulcamara and
S. sisymbriifolium were equally able to infect S. nigrum
plants collected from farmers’ fields. No sporulation was
observed on S. nigrum Renkum 2 and Renkum 4. In com-
patible interactions, mean LA varied from 16·8% for
S. nigrum Renkum 5 to 75·5% for S. nigrum Wijster 5,
and average SPOR ranged from 787 to 3587 sporangia
cm−2 for S. nigrum Renkum 5 and Wijster 5, respectively.
The main effects of isolate and host, and the isolate–host
interaction term, significantly contributed to the estimated
LA and SPOR values (P < 0·001).

Host specificity

Isolates originally collected from potato, S. nigrum,
S. dulcamara and S. sisymbriifolium were able to infect all
these hosts as well as tomato cv. Moneymaker (Table 4).
Potato and tomato were the most susceptible host plant
species with average LA ranging from 79·0 to 95·7%
and average SPOR varying between 5760 and 4·1 × 104

sporangia cm−2 for tomato and potato, respectively. As in
previous experiments, no infections were observed on
S. nigrum Renkum 2 (Tables 3 and 4). Average values for
LA and SPOR were low in S. nigrum genotype Wijster 3
and S. sisymbriifolium compared to S. dulcamara (Table 4).
Significant isolate, host, and isolate × host effects were
detected for both parameters evaluated (P < 0·001).

Epidemic parameters of S. sisymbriifolium

Three out of five isolates originally collected from
S. sisymbriifolium and reference potato strains IPO428-2
and IPO82001 were able to infect and sporulate on
detached leaves of S. sisymbriifolium (Table 5). Isolates
IPO00521 and IPO522 only caused small hypersensitive
reactions on the inoculated leaves, and no sporulation
was observed until 14 days after inoculation when the
experiment was terminated. Consequently, these isolates
were considered as incompatible with the S. sisymbriifo-
lium genotype tested. The epidemic parameters IF, LP, LA
and SPOR varied considerably among isolates and
inoculated host plants. The reaction of S. sisymbriifolium
to infection with a compatible P. infestans isolate was
marked by LP values comparable with potato cv. Bintje
(ranging from 4 to 6 days) and low SPOR values (ranging
from 1400 to 1700 sporangia cm−2) compared to Bintje.

Oospore formation in host plants

Oospores of P. infestans formed readily in leaves of potato,
S. dulcamara, S. nigrum and S. sisymbriifolium inoculated Ta
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with A1 and A2 isolates from potato (Fig. 1). Oospores
were also observed in diseased leaves of both S. nigrum
(46 oospores cm−2) and S. dulcamara (178 oospores cm−2)
collected from roadsides and fields in 2000 and 2001. In
S. sisymbriifolium, abundant oospore formation was
found in diseased leaves taken from a blighted experimen-
tal crop in 2000 (297 oospores cm−2) and after inoculation
of detached leaves with A1 and A2 strains (147 oospores
cm−2). Oospore densities were higher in naturally infected
leaves compared to inoculated tissues for all host plant
species tested, with average densities of 179 and 102
oospores cm−2, respectively.

Discussion

The increased problems with late blight control in north-
west Europe coincided with the displacement of the asex-
ually reproducing population made up of the US-1 clonal
lineage by a variable population of P. infestans (Spielman
et al., 1991). In the Netherlands, increased aggressiveness

of local pathogen populations and earlier onset of late
blight epidemics have led to a greater disease pressure
in potato crops. The establishment of genetic variation in
the pathogen population through sexual reproduction
in P. infestans may also lead to a broadening of the host
range in both cultivated and native host plants. This is the
first report of P. infestans causing late blight symptoms
on S. nigrum, S. dulcamara and S. sisymbriifolium in the
Netherlands.

Isolates collected from S. nigrum, S. dulcamara and
S. sisymbriifolium caused typical late blight symptoms on
leaves of five host plant species included in this study.
Infection levels and sporulation densities varied with
isolate, plant genotype and specific combinations of
isolate × plant genotype. In general, relative lesion areas
of inoculated detached leaves were greater for potato cv.
Bintje and tomato cv. Moneymaker than for the other
three solanaceous hosts. Sporulation density was higher
on potato, tomato and S. dulcamara compared to S. nigrum
and S. sisymbriifolium. Oospores were extracted from

Table 4 Relative lesion area and sporulation density on leaves of five host plant species eight days following inoculation with 12 Phytophthora 
infestans isolates

Isolate Original host

S. tuberosum 
cv. Bintje S. dulcamara 

S. nigrum 
(Renkum 2)

S. nigrum 
(Wijster) S. sisymbriifolium 

S. lycopersicum 
cv. Moneymaker 

LA (%)a SPORa LA (%) SPOR LA (%) SPOR LA (%) SPOR LA (%) SPOR LA (%) SPOR

IPO00501 S. dulcamara 83 28232 56 4245 0 0 0 0 15 1029 63 1809
IPO00505 S. dulcamara 100 64390 50 3513 0 0 5 614 40 7203 69 6365
IPO00507 S. dulcamara 100 81123 49 6638 0 0 0 0 11 1434 50 2400
IPOSn001a S. nigrum 100 63750 78 8018 0 0 0 0 3 649 93 16113
IPOSn13 S. nigrum 88 17210 13 1781 0 0 25 1289 0 0 68 2500
IPOSn9 S. nigrum 100 33972 55 2567 0 0 0 0 4 0 91 3929
IPO00513 S. sisymbriifolium 80 10814 23 681 0 0 13 348 72 3763 96 9788
IPO00520 S. sisymbriifolium 100 13628 23 781 0 0 0 0 83 3445 89 4976
IPO01521 S. sisymbriifolium 100 41279 65 4067 0 0 15 718 8 0 72 2525
IPO428-2 S. tuberosum 100 41781 74 1685 0 0 15 443 36 3222 97 5770
IPO98014 S. tuberosum 100 52604 75 5615 0 0 5 1375 24 2666 92 10179
Race 0 S. tuberosum 99 40905 46 822 0 0 0 0 2 0 70 2766

aLA = proportion of leaf area infected; SPOR = sporulation density.
Fisher’s least significant difference (P = 0·05): LA = 24; SPOR = 980.

Table 5 A comparison of four epidemic parameters of potato cv. Bintje and S. sisymbriifolium following inoculation of detached leaves with seven 
Phytophthora infestans isolates and incubation at 15°C

Isolate Original host

S. tuberosum cv. Bintje S. sisymbriifolium Wag-1

IF 
(%)a

LP 
(days)a

Lesion 
size (mm2)

SPOR 
(cm−2)a

IF 
(%)

LP 
(days)

Lesion 
size (mm2)

SPOR 
(cm−2)

WAU01001 S. sisymbriifolium 98 4 20 20400 55 4 17 1600
IPO00513 S. sisymbriifolium 49 10 3 2300 81 6 13 1400
IPO00518 S. sisymbriifolium 74 13 6 10500 39 5 19 1700
IPO01521 S. sisymbriifolium 98 5 2 25600 0 >14 3 0
IPO01522 S. sisymbriifolium 99 5 17 24800 0 >14 8 0
IPO428-2 S. tuberosum 100 4 30 26400 0 >14 9 0
IPO82001 S. tuberosum 75 5 15 14000 0 >14 3 0

aIF = infection frequency; LP = latent period; SPOR = sporulation density.
Fisher’s least significant difference (P = 0·05): IF = 28; LP = 8; lesion size = 9; SPOR = 257.



© 2003 BSPP Plant Pathology (2003) 52, 595–603

Alternative hosts of Phytophthora infestans 601

blighted S. nigrum leaves collected from farmers’ fields
and S. dulcamara leaves collected from plants growing
along a roadside. Oospores were also found in diseased
leaves of S. sisymbriifolium and potato cv. Bintje. Inocu-
lation of host plants with A1 and A2 mating type strains
of P. infestans yielded fewer oospores compared with
leaves taken from naturally infected plants. Overall,
oospore production per unit leaf surface was highest in
S. sisymbriifolium and lowest in S. nigrum.

Based on the presence of field infections and results
obtained in detached leaf inoculation studies, the present
status of S. nigrum as a nonhost plant for P. infestans
needs to be reconsidered. According to Pieterse et al.
(1994) and Vleeshouwers et al. (2000), S. nigrum is to be
regarded as a nonhost of P. infestans, while others have
speculated on the stability and durability of the hypersen-
sitive resistance response characteristic for P. infestans
× S. nigrum interactions (Colon et al., 1993; Kamoun et al.,
1999). Observations of blighted S. nigrum and S. dulcamara
plants in the field remain very rare. The first European
report on the incidence of P. infestans on S. nigrum and
S. dulcamara dates back to the 1950s (Hirst & Stedman,
1960). More recently, P. infestans has been collected from
S. nigrum in the Andean highlands of Colombia (Patino
et al., 1996, 1998) and from North Wales (D. S. Shaw,
personal communication). In a recent study on host
specificity of P. infestans in Canada (Platt, 1999), isolates
classified as US-8 and US-11 as well as US-1 infected leaf
and stem tissues of S. dulcamara in a bioassay. No disease
symptoms other than a hypersensitive response were
observed when S. nigrum was inoculated with North
American P. infestans isolates, and it was therefore sug-
gested that S. nigrum should be regarded as a nonhost.

The results presented here clearly indicate the presence
of a basic compatibility between S. nigrum and the
P. infestans population present in the Netherlands. The
observations on leaf blight in S. dulcamara support
the findings of Cooke et al. (2002), reporting the natural
occurrence of P. infestans on S. dulcamara in Ireland. This
study confirms that the experimentally grown PCN trap
crop S. sisymbriifolium should be regarded as an alterna-
tive host for P. infestans, despite earlier reports suggesting
a nonhost status for S. sisymbriifolium (Sen, 1997). Iso-
lates have been collected from S. sisymbriifolium growing
in two experimental fields in 2000 and 2001.

The results shown here demonstrate the presence of
differential interaction in the S. nigrum and P. infestans
pathosystem. The observed specificity between host
and pathogen may be explained by the presence of R-
genes in S. nigrum that are matched by race specificity
in P. infestans. One of the tested S. nigrum genotypes
(Sn001) appears to carry no R-genes effective against the
P. infestans strains tested. Support for the S. nigrum R-
gene hypothesis is provided by Horsman et al. (1999),
who reported on backcrosses between somatic hybrids of
S. nigrum and potato to both parental species. In back-
crosses with potato, they observed that the BC1 genotype
was as resistant as the S. nigrum fusion partner, but found
that two out of eight BC2 genotypes showed sporulating
lesions. Inoculation studies also suggest the presence of R-
genes in S. sisymbriifolium. Two isolates collected from
an experimental PCN trap crop near Wageningen in 2001
were not able to infect a genotype of S. sisymbriifolium
collected from an infected field near Hoogezand in 2000.

Testing the possibility of host range extension with ran-
domly selected isolates collected from principal hosts may

Figure 1 Oospore production in leaf tissue of four host plant species following either inoculation with compatible A1 (IPO98014) and A2 (IPO428-
2) mating type strains, or natural infection in the field.
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not be the most efficient method for establishing host/
nonhost status for potential new hosts. The presence of R-
genes in a native host plant with low abundance and a
highly dispersed distribution pattern, or in a newly intro-
duced host for which compatibility is found at very low
frequencies, could easily disguise the compatibility of
a host. It is therefore recommended that, when possible,
a number of genotypes of a potential host should be
exposed to a variable pathogen population, preferably
under field conditions.

Based on infection levels, asexual sporulation and
oospore formation in diseased leaves, it is concluded that
basic compatibility exists between the present P. infestans
population in the Netherlands and the host plant species
S. nigrum, S. dulcamara and S. sisymbriifolium, and that
these plant species may host late blight. In the case of
S. nigrum and S. dulcamara, infection appears to be a
relatively rare event, and it is not very likely that diseased
S. nigrum and S. dulcamara plants significantly contrib-
ute to the overall disease pressure present in potato
production areas. The observations are therefore in con-
cordance with Cooke et al. (2002). A commercial intro-
duction of S. sisymbriifolium as a PCN trap crop could
potentially have a significant impact on late blight
epidemics through the production of inoculum during the
growing season and the formation of functional oospores
in infected leaf tissue that can serve as initial inoculum
for following potato crops. In order to induce sufficient
hatching of larvae of PCN, S. sisymbriifolium does not
need to be present during the whole growing season.
Therefore the impact of S. sisymbriifolium on late blight
epidemics may depend on its planting time and on the
duration of the period in which the crop is allowed to
grow. However, introduction of S. sisymbriifolium as a
commercial trap crop may require a chemical control
strategy to prevent late blight development on this crop.
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