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Abstract Sclerotinia stem rot caused by Sclerotinia
sclerotiorum is a serious threat to oilseed production in
Australia. Eight isolates of S. sclerotiorum were
collected from Mount Barker and Walkway regions
of Western Australia in 2004. Comparisons of colony
characteristics on potato dextrose agar (PDA) as well
as pathogenicity studies of these isolates were con-
ducted on selected genotypes of Brassica napus and B.
juncea. Three darkly-pigmented isolates (WW-1, WW-
2 and WW-4) were identified and this is the first report
of the occurrence of such isolates in Australia. There
was, however, no correlation between pigmentation or
colony diameter on PDA with the pathogenicity of
different isolates of this pathogen as measured by
diameter of cotyledon lesion on the host genotypes.
Significant differences were observed between different
isolates (P≤0.001) in two separate experiments in

relation to pathogenicity. Differences were also
observed between the different Brassica genotypes
(P≤0.001) in their responses to different isolates of S.
sclerotiorum and there was also a significant host ×
pathogen interaction (P≤0.001) in both experiments.
Responses between the two experiments were signifi-
cantly correlated in relation to diameter of cotyledon
lesions caused by selected isolates (r=0.79; P<0.001,
n=48). Responses of some genotypes (e.g., cv.
Charlton) were relatively consistent irrespective of the
isolates of the pathogen tested, whereas highly variable
responses were observed in some other genotypes (e.g.,
Zhongyou-ang No. 4, Purler) against the same isolates.
Results indicate that, ideally, more than one S.
sclerotiorum isolate should be included in any screen-
ing programme to identify host resistance. Unique
genotypes which show relatively consistent resistant
reactions (e.g., cv. Charlton) across different isolates
are the best for commercial exploitation of this
resistance in oilseed Brassica breeding programmes.
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Introduction

Sclerotinia stem rot (SSR) caused by the ascomycete
Sclerotinia sclerotiorum, is a serious threat to oilseed
rape production with substantial yield losses from this
disease recorded world-wide including Australia,
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Europe and North America (McCartney et al. 1999;
Hind et al. 2003; Sprague and Stewart-Wade 2002;
Koch et al. 2007; Malvarez et al. 2007). While, S.
sclerotiorum is considered to exhibit little host speci-
ficity (Purdy 1979), it is important to understand the
diversity of this pathogen for the development of
effective screening strategies to identify and deploy
host resistance. The diversity and pathogenicity studies
of this pathogen have been investigated for different
crops in Canada and the USA (Auclair et al. 2004; Pratt
and Rowe 1991; Hambleton et al. 2002; Maltby and
Mihail 1997; Kull et al. 2003). Some past studies have
investigated the genetic diversity of S. sclerotiorum but
genetic diversity was not related to the pathogenicity of
the pathogen in these studies (Kohn et al. 1991; Kohli
et al. 1992; Cubeta et al. 1997; Sun et al. 2005;
Malvarez et al. 2007). Further, only limited studies
have been conducted so far, to understand the diversity
and pathogenicity of S. sclerotiorum on Brassicas or
other hosts in Australia. These include the work of
Sexton et al. (2006) who demonstrated genotypic
diversity among S. sclerotiorum isolates collected from
oilseed rape crops from south-east Australia, utilising
microsatellite markers, and Ekins et al. (2007), who
compared aggressiveness of S. sclerotiorum isolates
collected also from south-east Australia on sunflower.

Differences in the morphology of S. sclerotiorum
isolates have previously been observed by Li et al.
(2003) and Garrabrandt et al. (1983) where isolates
producing tan sclerotia were identified. Very few
reports exist to date describing darkly-pigmented
isolates of S. sclerotiorum, such as those from Canada
and the south-western region of the USA (Lazarovits
et al. 2000; Sanogo and Puppala 2007). Primarily, the
dark colour of the colonies results from the
production of melanin, the main role of which in
this pathogen is to protect the sclerotia from
adverse biological and environmental conditions
(Butler and Day 1998; Lazarovits et al. 2000). An
association of melanin with pathogenicity has also
been reported in other pathogens. For example,
heavily-melanised variants of the ascomycete fungus
Gaeumannomyces graminis var. tritici are non-
pathogenic (Goins et al. 2002), while Magnaporthe
grisea and Colletotrichum lagenarium require
melanin for pathogenicity (Kubo et al. 2000).
However, there are no reports of a relationship between
pigmentation and pathogenicity in S. sclerotiorum.
Furthermore, colony characteristics including radial

growth rates of isolates of S. sclerotiorum in vitro
have been related to pathogenicity of this pathogen
under controlled environmental conditions. (e.g.,
Ziman et al. 1998; Durman et al. 2003). However, no
such studies have been undertaken with Australian
isolates of S. sclerotiorum.

For this study, isolates of S. sclerotiorum were
obtained from the Mount Barker and Walkaway
regions of Western Australia in 2004 where significant
losses from the disease have been reported on B. napus.
The aims of our study were firstly, to relate colony
characteristics to the pathogenicity for eight isolates of
S. sclerotiorum from the two different regions, and
secondly, to evaluate the differences in their pathoge-
nicity to selected genotypes of B. napus and B. juncea,
under controlled environmental conditions.

Materials and methods

Sclerotinia sclerotiorum isolates

Eight isolates of S. sclerotiorum were used to study
isolate × cultivar interactions. Four isolates (viz
MBRS-1, MBRS-2, MBRS-3 and MBRS-5) collected
from the Mount Barker and four isolates (WW-1,
WW-2, WW-3 and WW-4) from the Walkaway
regions of Western Australia in 2004 were used in
this study. The initial cultures were then sub-cultured
on to water agar and stored at 4°C. All isolates were
subsequently sub-cultured to PDA as this medium
allows the best expression of any pigmentation
occurring in S. sclerotiorum colonies (Lazarovits et
al. 2000; Sanogo and Puppala 2007).

Molecular identification of different isolates

Single nucleotide polymorphism (SNP) based diagnos-
tics were conducted to identify the eight strains of
Sclerotinia isolated in the present study. SNP data from
seven loci as described by Carbone (2000) were
analysed to develop species-specific oligonucleotides
for identification among S. sclerotiorum, S. minor, and
S. trifoliorum. Oligonucleotides using Primer 3 (Rozen
and Skaletsky 2000) were designed to hybridise to
SNPs in regions that had high relative sequence
similarity to ensure hybridisation across the board. In
addition to the eight isolates used in this study, two
confirmed isolates of S. sclerotiorum (1980, the
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genome sequence reference isolate http://www.broad.
mit.edu/annotation/genome/sclerotinia_sclerotiorum/
Home.html and LMK211), one of S. trifoliorum
(LMK36) and one of S. minor (FA2-1) were also
included as positive controls, with an isolate of Botrytis
cinerea (LMK 18) included as a negative control
(L. M. Kohn and M. Andrew, unpublished).

Comparison of colony characteristics

Mycelial plugs of each isolate were taken from the
growing margins of colonies grown on PDA for
3 days and inoculated on to fresh PDA. All cultures
were incubated at 20°C and colony diameter
measured after 24 and 48 days of incubation. Eight
replications with two plates per replication were used
for each isolate.

Pathogenicity of different isolates

Fungal isolates All eight isolates (viz. MBRS-1,
MBRS-2, MBRS-3, MBRS-5, WW-1, WW-2, WW-3,
and WW-4) were used singly to determine the reaction
of various genotypes to each isolate in experiment 1. In
experiment 2, four isolates viz. MBRS-2,-5 (both highly
pathogenic), WW-3 (moderately pathogenic) and WW-
4 (least pathogenic) were used to provide a similar range
of pathogenicity for both experiments in order that host
responses and host-pathogen interactions identified in
experiment 1 could be compared.

Genotypes tested Sixteen genotypes (twelve B. napus
and four B. juncea) from Australia and China as listed
in Table 4 were selected for evaluation on the basis of
differences in their resistance reaction as identified
earlier by Li et al. (2006) and Garg et al. (2008). Seed
was obtained from Australia and China through an
Australian Centre for International Agricultural
Research (ACIAR) collaborative programme. The
experiment was repeated (experiment 2) with the same
sixteen cultivars as described above.

Test conditions and inoculum production All proce-
dures, test conditions and inoculum production
were as described previously by Garg et al.
(2008). Briefly, the host genotypes screened were
grown in 13.7×6.6×4.9 cm trays, each having eight
cells and containing a soil-less compost mixture.
Groups of four trays were placed in 10 l plastic

storage boxes (34×13×23 cm). Three seeds of each
genotype were sown in each cell and thinned to a
single seedling per cell after emergence. A complete
randomised block design was utilised with four
replications and two plants per replication of each
genotype × isolate combination. All experiments were
conducted under controlled environment growth room
conditions of 18±1°C day and 14±1°C night, with light
intensity of 150 μE m−2 s−1. Seedlings were grown
until cotyledons were fully expanded, equivalent to
growth stage 1.00 on the scale given by Sylvester-
Bradley and Makepeace (1984).

Seven agar plug discs (each 5 mm2 diam) were cut
from the actively growing margin of 3 day-old
colonies of S. sclerotiorum on PDA at 20°C and
transferred to 250 ml flasks containing 75 ml of
sterilised liquid medium (potato dextrose broth 24 g,
peptone 10 g, H2O 1 l ). Flasks were rotated on an
Innova® 2300 platform shaker at 120 rpm min−1.
After 3 days, colonies of S. sclerotiorum were
harvested and washed twice with sterilised deionised
water. The fungal mats obtained were transferred to
125 ml of the same liquid medium and mycelia
macerated in a Breville® food grinder for 3 min. The
macerated mycelial suspension was then filtered
through four layers of cheesecloth and the concentration
adjusted with the same liquid medium to 1×104 frag-
ments ml−1 using a haemocytometer (SUPERIOR®,
Berlin, Germany).

Inoculations Inoculations were carried out when
cotyledons were 10 days-old. A total of four droplets
of mycelial suspension each of 10 μl were deposited
on each plant using a micropipette, with a single drop
on each cotyledon lobe. While inoculating, the
mycelial suspension was shaken regularly to maintain
a homogeneous mycelial suspension. A 2.5 cm-deep
layer of water was added at the bottom of the plastic
containers to maintain high humidity. In addition, a
very fine mist of water was sprayed both over
cotyledons and on the inside of the container lids.
Together, these procedures allowed maintenance of a
relative humidity level of ca. 100% within the plastic
containers. Following inoculation, the boxes were
placed for 2 days under the benches in the controlled
environment room and maintained at a low light
intensity of approximately 13 μE m−2 s−1 for 4 days
up to time of disease assessment. Previous studies
(Garg et al. 2008) had shown this technique to be a
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reliable means of determining the level of resistance
in Brassica genotypes.

Disease assessment At 4 days post-inoculation (dpi),
box covers were removed and lesions assessed on the
basis of lesion diameter (mm) as described by Garg et
al. (2008).

Data analyses The lesion rating data from initial
experiment and the repeat experiment were separately
analysed by analysis of variance (ANOVA) using
Genstat (9th edition, Lawes Agricultural Trust).
Fisher’s least significant differences P<0.05 were
used to calculate the differences between the geno-
types and isolates. The relationships between the two
experiments were assessed by computing Pearson
correlation coefficients using the data analysis func-
tion in Microsoft Excel.

Results

Molecular identification of different isolates

Three loci (CAL-calmodulin, RAS-ras protein, IGS-
intergenic spacer region) were amplified and
sequenced in the SNP-based diagnostic. Two sites
were chosen to be diagnostic for each species, and
the sites chosen for S. sclerotiorum were CAL19
and CAL448. Tables 1 and 2 show the sequencing
results for these sites, including representative iso-
lates of each species and all eight test isolates. The

isolates of Sclerotinia from Western Australia we
tested had identical sequences at the SNP site to the
representative isolates from S. sclerotiorum as listed
in Tables 1 and 2. All the isolates used in this study
shared SNP sequences with previously identified S.
sclerotiorum isolates. Additionally, there was no
hybridisation of the isolates used in this study at
SNP sites that were diagnostic for S. trifoliorum and
S. minor and no hybridisation to the probes for the
negative control.

Colony characteristics of isolates

Pigmentation Of the eight isolates, three (viz. WW-1,
WW-2, and WW-4) were found to be darkly-
pigmented. However, intensity of melanisation varied
among the pigmented isolates. Pigmentation was most
pronounced in WW-1 as compared to WW-2 and
WW-4 following 1 month of incubation at 20°C.

Colony diameter There were significant differences
between different isolates in relation to the colony
diameter measured after 24 and 48 h of incubation
(Table 3). However, there was no significant correla-
tion between pathogenicity and the colony diameter
of different isolates (data not shown).

Responses of various genotypes to different isolates
of S. sclerotiorum

Experiment 1 Small necrotic and water-soaked
lesions were observed after 24 h post-inoculation,

Isolate Sequence at CAL19

S. sclerotiorum (1980) TCTTTGTAAGTTCATCTC T CTAACTTTTACAATCTCAG

S. sclerotiorum (LMK211) TCTTTGTAAGTTCATCTC T CTAACTTTTACAATCTCAG

WW-1 TCTTTGTAAGTTCATCTC T CTAACTTTTACAATCTCAG

WW-2 TCTTTGTAAGTTCATCTC T CTAACTTTTACAATCTCAG

WW-3 TCTTTGTAAGTTCATCTC T CTAACTTTTACAATCTCAG

WW-4 TCTTTGTAAGTTCATCTC T CTAACTTTTACAATCTCAG

MBRS-1 TCTTTGTAAGTTCATCTC T CTAACTTTTACAATCTCAG

MBRS-2 TCTTTGTAAGTTCATCTC T CTAACTTTTACAATCTCAG

MBRS-3 TCTTTGTAAGTTCATCTC T CTAACTTTTACAATCTCAG

MBRS-5 TCTTTGTAAGTTCATCTC T CTAACTTTTACAATCTCAG

S. trifoliorum (LMK36) TCTTTGTGAGTTCATCTC C CTAACTTTTACAATCTCAG

S. minor (FA2-1) TCTTTGTAAGTTCATCTC C CTGACTTTTATAATCTCAG

Table 1 Sequences of
Australian isolates (WW-
1,2,3,4; MBRS-1,2,3,5) and
representative isolates of S.
sclerotiorum, S. trifoliorum,
S. minor species at site
CAL19, where T is diag-
nostic for S. sclerotiorum
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their size depending upon the isolate used. After 24 h,
an increase in lesion size was observed across the
different genotypes when inoculated with MBRS-1,
MBRS-2, MBRS-3, MBRS-5, WW-1 and WW-3. In
contrast, no such progression in lesion size after 24 h
was observed in the genotypes when inoculated with
isolates WW-2 or WW-4, with necrotic lesions only
developing directly underneath where the drops of the
inoculum had been applied (data not shown).

Significant differences were observed between the
genotypes (P<0.001, Table 4) in relation to the
severity of lesions on cotyledons across the isolates
tested. Cultivar Charlton was identified as the most
resistant cultivar with mean lesion diameter of
1.72 mm, whereas cv. Rivette was found to be the
most susceptible genotype with a mean lesion
diameter of 6.82 mm at 4 dpi.

Experiment 2 There were significant differences
between genotypes (P<0.001, Table 5) in relation to
cotyledon lesion diameter across the isolates tested.
Cultivar Charlton was again found to be the most
resistant cultivar with a mean lesion length of
1.24 mm and while B. napus lines AV-Sapphire and
Ding 474 were the most susceptible genotypes with a
mean lesion length of 6.2 mm.

Pathogenicity of different isolates of S. sclerotiorum

Significant differences were observed between eight
isolates (P<0.001) in relation to their pathogenicity
towards the sixteen Brassica genotypes used in
Experiment 1 and Experiment 2. Overall, MBRS-5
was the most pathogenic isolate with a mean lesion
length of 8.6 and 5.9 mm in Experiments 1 and 2 mm,
respectively, at 4 dpi. Similarly, WW-4 was the least
pathogenic isolate with a mean lesion length of 0.8
(Experiment 1) and 1.7 (Experiment 2) mm at 4 dpi.

Host × pathogen interaction

A significant (P<0.001) host × pathogen interaction
was observed in both experiments. However, some of
the genotypes (e.g., cv. Charlton) performed consis-
tently better in relation to cotyledon lesion diameter
against most of the isolates used in this study (viz.
top-ranked resistant genotype for five isolates, rank 5
or 6 for two other isolates, rank 16 for the isolate
which was the least pathogenic and where the differ-
ences in the lesion diameters between the more

Isolate Sequence at CAL448/500

S. sclerotiorum (1980) CCATTGATTTCCCAGGTACGGC A AAGCATAATATAGT

S. sclerotiorum (LMK211) CCATTGATTTCCCAGGTACGGC A AAGCATAATATAGT

WW-1 CCATTGATTTCCCAGGTACGGC A AAGCATAATATAGT

WW-2 CCATTGATTTCCCAGGTACGGC A AAGCATAATATAGT

WW-3 CCATTGATTTCCCAGGTACGGC A AAGCATAATATAGT

WW-4 CCATTGATTTCCCAGGTACGGC A AAGCATAATATAGT

MBRS-1 CCATTGATTTCCCAGGTACGGC A AAGCATAATATAGT

MBRS-2 CCATTGATTTCCCAGGTACGGC A AAGCATAATATAGT

MBRS-3 CCATTGATTTCCCAGGTACGGC A AAGCATAATATAGT

MBRS-5 CCATTGATTTCCCAGGTACGGC A AAGCATAATATAGT

S. trifoliorum (LMK36) CCATTGATTTCCCAGGTACGGC G AAGCATAATATAGT

S. minor (FA2-1) CCATTGATTTCCCAGGTACGGC T AAGCATGACATAGT

Table 2 Sequences of
Australian isolates and
representative isolates of S.
sclerotiorum, S. trifoliorum,
S. minor at site CAL448,
where A is diagnostic for S.
sclerotiorum

Table 3 Colony diameter (cm) of different S. sclerotiorum
isolates growing on PDA after 48 h incubation

Isolate Colony diam

MBRS-1 7.96

MBRS-2 6.65

MBRS-3 6.67

MBRS-5 8.06

WW-1 7.64

WW-2 5.97

WW-3 6.14

WW-4 7.08

P<0.001; l.s.d (P≤0.05)=0.72
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resistant genotypes were very small; Table 4). Some
of the genotypes (e.g., cv. AG-Spectrum, Purler,
Zhongyou-ang No. 4) were found to be strongly and
differentially responsive to isolates of S. sclerotiorum
tested, suggesting that there can be a strong interac-
tion between genotypes and the isolates of the
pathogen used in this study.

Correlation of responses of genotypes between
experiments

Overall, there was a significant positive correlation
(r=0.78; P<0.001, n=16, Fig. 1) between Experi-
ments 1 and 2 for mean values for genotypes in
relation to cotyledon lesion diameter.

There was significant positive correlation between
Experiments 1 and 2 for individual values for
cotyledon lesion diameter of different genotypes
across three isolates of S. sclerotiorum (MBRS-2,
MBRS-5 and WW-4) (r=0.79; P<0.001, n=48,
Fig. 2). However, when S. sclerotiorum isolate
WW-3 was included in analysis the r value decreased
from 0.79 to 0.56, but was still significant (r=0.56;
P<0.001, n=64, Fig. 3). There was a significant
positive correlation in relation to diameter of the
lesions on cotyledons for various genotypes inoculat-
ed with MBRS-1 in this study when compared with
responses for these same genotypes reported previ-

ously (Garg et al. 2008; r=0.84, P=0.002, n=10,
Fig. 4).

Discussion

In comparing the colony characteristics of the eight
isolates of S. sclerotiorum isolated, we obtained three
darkly-pigmented colonies (viz. WW-1, WW-2, and

Genotype MBRS-2 MBRS-5 WW-3 WW-4 Means

AG-Spectrum 3.6(5) 7.7(12) 6(9) 1.3(6) 4.7

AV-Sapphire 5.4(13) 7.8(13) 9.33(16) 2.1(12) 6.2

Charlton 1.0(1) 2.0(2) 1.36(1) 0.5(1) 1.2

Ding 474 7.2(16) 8.1(14) 7.34(13) 2.1(11) 6.2

Fan168 5.4(12) 7.6(11) 6.66(10) 2.3(15) 5.5

JM16 5(9) 6.4(8) 5.21(6) 1.3(4) 4.5

JN010 2.7(2) 6.9(9) 5.13(5) 1.2(3) 4.0

JN028 5.2(10) 8.5(16) 3.55(3) 1.4(7) 4.7

JR042 3.3(4) 5.9(7) 5.22(7) 1.3(5) 3.9

Mystic 3.3(3) 1.2(1) 2.4(2) 1.2(2) 2.0

P617 5.0(8) 4.2(5) 8.61(15) 2.8(16) 5.2

Purler 6.6(14) 5.1(6) 4.97(4) 2.0(10) 4.7

Rivette 6.6(15) 7.3(10) 6.79(12) 2.2(14) 5.7

RQ001-02M2 5.2(11) 3.5(3) 5.59(8) 1.7(8) 4.0

RR013 4.2(6) 8.4(15) 6.73(11) 2(9) 5.3

Zhongyou-ang No. 4 4.9(7) 4.1(4) 8.13(14) 2.2(13) 4.8

Means 4.7 5.9 5.8 1.7

Table 5 Experiment 2:
Reaction (lesion diam, mm)
and rank order (numbers in
parenthesis) of twelve
Brassica napus and four B.
juncea genotypes from
Australia and China to
different isolates of S.
sclerotiorum (viz. MBRS-
2, and 5; WW-3, and 4)
4 dpi on the cotyledons

Significance of genotypes P<
0.001; l.s.d (P≤0.05)=0.95
Significance of isolates P<
0.001; l.s.d (P≤0.05)=0.48
Significance of genotypes ×
isolates P<0.001; l.s.d (P≤
0.05)=1.91

y = 0.7673x + 0.7502
R2 = 0.61
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Fig. 1 Correlation between experiments 1 and 2 for overall
mean values of diameter of cotyledon lesions in each
experiment across each of the twelve B. napus and four B.
juncea genotypes 4 dpi with S. sclerotiorum
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WW-4). We, however, found no correlation between
pathogenicity and either pigmentation or colony
diameter (data not shown). This is the first report of
the occurrence of darkly pigmented mycelial isolates
of S. sclerotiorum on Brassicas in Australia. Three of
our isolates (viz. WW-1, WW-2, and WW-4) with
varying intensities of pigmentation were identified
from the Walkaway region of Western Australia. Of
the three pigmented isolates we found, WW-1 was
relatively more pathogenic than isolates WW-2 and
WW-4. A darkly-pigmented isolate was also identified

as pathogenic by Sanogo and Puppala (2007). How-
ever, our results demonstrate that pigmentation and
colony diameter do not necessarily relate to pathoge-
nicity of S. sclerotiorum. This is, however, in contrast
to previous reports, for example, Zhou and Boland
(1999) examined factors affecting virulence and found
that while a hypo-virulent isolate showed reduced
mycelial growth, pathogenicity was mainly affected by
reduced or delayed production of oxalic acid.

There were significant differences observed
among different Brassica genotypes when challenged
by different strains of S. sclerotiorum and also among
different isolates in relation to their pathogenicity as
measured by cotyledon lesion diameter on different
Brassica genotypes. There was also a significant host ×
pathogen interaction in both experiments. It is note-
worthy that some genotypes showed consistent host
responses irrespective of the isolates of S. sclerotiorum
used in this study, whereas others showed a variable
pattern of responses depending upon the isolate used.
For instance, in terms of lesion length, cv. Charlton
consistently showed a high level of resistance to most
of the isolates. It is interesting that where variable
ranking for cv. Charlton was observed, it was against
the S. sclerotiorum isolates that were least pathogenic
(viz. WW-2, WW-3 and WW-4). Similarly, cv. Rivette
and RQ001–02M2 were also consistent in terms of
their responses, showing susceptible reactions against
most of the isolates used (Table 4). In contrast, the
ranking of certain other genotypes (e.g., Zhongyou-ang
No. 4, AV-Sapphire) was highly variable in response to
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Fig. 2 Correlation between experiments 1 and 2 for individual
values for cotyledon lesion diameter 4 dpi with three isolates of
S. sclerotiorum (viz. MBRS-2, MBRS-5 and WW-4) onto
twelve B. napus and four B. juncea genotypes
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Fig. 3 Correlation between experiments 1 and 2 for individual
values of cotyledon lesion diameter 4 dpi with four isolates of
S. sclerotiorum (viz. MBRS-2, MBRS-5, WW-3, WW-4) onto
twelve B. napus and four B. juncea genotypes
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Fig. 4 Correlation of data for diameter of cotyledon lesions on
ten B. napus genotypes 4 dpi with S. sclerotiorum in
experiment 1 with data taken from Garg et al. (2008) when
inoculated with MBRS-1
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inoculation with different isolates of S. sclerotiorum.
These particular genotypes showed responses ranging
from resistant to highly susceptible, depending upon
the isolate. Genotypes that show the most consistent and
promising responses across a range of S. sclerotiorum
isolates should be used as standards in disease
screening programmes and in commercial breeding
programmes, as these are the most likely genotypes to
perform consistently across different national and
international geographic locations. Such differences in
responses of genotypes depending upon the isolate,
also suggest that resistance in Brassicas against S.
sclerotiorum is most likely to be polygenic.

There are very few published reports of significant
genotype × S. sclerotiorum interactions of the type we
observed in our study, probably because in most of
previous studies either more isolates were included but
with only a very small number of genotypes or vice-
versa (e.g., Riddle et al. 1991; Ekins et al. 2007;
Morrall et al. 1972; Auclair et al. 2004; Pratt and Rowe
1995). It is interesting that no significant interaction
was observed between Glycine max and S. sclerotio-
rum isolates (Auclair et al. 2004) in Canada where five
host cultivars and four pathogen isolates were involved
or with five isolates and seven alfalfa cultivars (Pratt
and Rowe 1995) in the USA. The host genotypes we
used in our study were representative of a wide genetic
diversity of Brassica germplasm available from Aus-
tralia and China, which could have enhanced the
significant host-pathogen interactions observed.

Significant differences were observed among the
isolates of S. sclerotiorum in relation to their pathoge-
nicity. At 4 dpi, some isolates were less pathogenic
(WW-2, WW-4) irrespective of the host genotypes
tested, whereas others (MBRS-5, MBRS-2) were
highly pathogenic to almost all of the Brassica
genotypes evaluated in this study. This may be related
to some form of physiological specialisation in S.
sclerotiorum in Western Australia. This further illus-
trates the advantage of screening Brassica genotypes
with a range of S. sclerotiorum isolates so that the
reaction of different host genotypes can be precisely
identified. Where such a spectrum of isolates is not read-
ily available, it is best to use a highly pathogenic isolate
such as MBRS-1, as used by Li et al. (2006, 2007).

We used only eight isolates in this study. However,
similar differences among S. sclerotiorum isolates
have been reported by other workers even where a
larger number of isolates were investigated (e.g.,

Riddle et al. 1991; Ekins et al. 2007; Morrall et al.
1972). While variations in pathogenicity have been
reported among isolates, the differences did not
justify grouping of S. sclerotiorum isolates on the
basis of their pathogenicity. This is further supported
by the observations of Melzer and Boland (1996)
working on lettuce and Morrall et al. (1972) on 23
different hosts, who defined a ‘continuum’ (in
contrast to distinct categories) in the pathogenicity
of this pathogen. Even where significant differences
in pathogenicity among isolates of this pathogen
occur, their responses were found to be overlapping
(e.g., Riddle et al. 1991; Ekins et al. 2007).

We found that some isolates (e.g., MBRS-2,
MBRS-5 and WW-4) behaved consistently across
the two experiments as compared to others (e.g.,
WW-3). Differences in pathogenicity of this pathogen
observed between repeated experiments have also
been reported by other workers e.g., Pratt and Rowe
(1995) on alfalfa; Errampalli and Kohn (1995) on
canola; Brenneman et al. (1988) on peanuts, when
only a few isolates were tested, or when large number
of isolates were involved (e.g., Ekins et al. 2007 on
sunflower; Riddle et al. 1991 on dandelion).

In conclusion, this study is the first to identify darkly-
pigmented isolates of S. scleortiorum in Australia,
although the pathogenicity of the pathogen was not
influenced by pigmentation or colony diameter of the
isolates. Significant differences in pathogenicity were
observed between different isolates across different
genotypes, suggesting a form of physiological special-
isation occurs in this pathogen in Western Australia.
For this reason, it is best to include more than one S.
sclerotiorum isolate in any germplasm screening
programme. Furthermore, genotypes such as cv.
Charlton which showed consistent resistant reactions
to different isolates in our study, and also showed
useful resistance under field conditions (Li et al. 2006),
are those most likely best suited for commercial
exploitation of this resistance in oilseed rape breeding
programmes. This is especially so in relation to
developing cultivars for deployment in areas where
physiological specialisation occurs.

Acknowledgements The first author gratefully acknowledges
the financial assistance from the Australian Centre for Interna-
tional Agricultural Research by way of a John Allwright PhD
Fellowship. We thank Dr Caixia Li for provision of the eight
isolates of S. sclerotiorum used in this study and for advice on
statistical analyses.

Eur J Plant Pathol (2010) 126:305–315 313



References

Auclair, J., Boland, G. J., Kohn, L. M., & Rajcan, I. (2004).
Genetic interaction between Glycine max and Sclerotinia
sclerotiorum using a straw inoculation method. Plant
Disease, 88, 891–895.

Brenneman, T. B., Phipps, P. M., & Stipes, R. J. (1988). A
rapid method for evaluating genotype resistance, fungicide
activity, and isolate pathogenicity of Sclerotinia minor in
peanut. Peanut Science, 15, 104–107.

Butler, M. J., & Day, A. W. (1998). Fungal melanins: a review.
Canadian Journal of Microbiology, 44, 1115–1136.

Carbone, I. (2000). Population history and process: Nested
clade and coalescent analysis of multiple gene genealogies
in a parasite of agricultural and wild plants. PhD
Dissertation, University of Toronto.

Cubeta, M. A., Cody, B. R., Kohli, Y., & Kohn, L. M. (1997).
Clonality in Sclerotinia sclerotiorum on infected cabbage in
eastern North Carolina. Phytopathology, 87, 1000–1004.

Durman, S. B., Menendez, A. B., & Godeas, A. M. (2003).
Mycelial compatibility groups in Buenos Aires field
populations of Sclerotinia sclerotiorum (Sclerotiniaceae).
Australian Journal of Botany, 51, 421–427.

Ekins, M. G., Aitken, E. A. B., & Goulter, K. C. (2007).
Aggressiveness among isolates of Sclerotinia sclerotiorum
from sunflower. Australasian Plant Pathology, 36, 580–
586.

Errampalli, D., & Kohn, L. M. (1995). Comparison of pectic
zymograms produced by different clones of Sclerotinia
sclerotiorum in culture. Phytopathology, 85, 292–298.

Garg, H., Sivasithamparam, K., Banga, S. S., & Barbetti, M. J.
(2008). Cotyledon assay as a rapid and reliable method of
screening for resistance against Sclerotinia sclerotiorum in
Brassica napus genotypes. Australasian Plant Pathology,
37, 106–111.

Garrabrandt, L. E., Johnston, S. A., & Peterson, J. L. (1983).
Tan sclerotia of Sclerotinia sclerotiorum from lettuce.
Mycologia, 75, 451–456.

Goins, T. Q., Edens, W. A., & Henson, J. M. (2002). Heavily-
melanized variants of the sexualGaeumannomyces graminis
var. tritici are non-pathogenic and indistinguishable from
the asexual, Phialophora state. Mycological Research, 106,
1179–1186.

Hambleton, S., Walker, C., & Kohn, L. M. (2002). Clonal
lineages of Sclerotinia sclerotiorum previously known
from other crops predominate in 1999–2000 samples from
Ontario and Quebec soybean. Canadian Journal of Plant
Pathology, 24, 309–315.

Hind, T. L., Ash, G. J., & Murray, G. M. (2003). Prevalence of
Sclerotinia stem rot of canola in New South Wales.
Australian Journal of Experimental Agriculture, 43, 163–
168.

Koch, S., Dunker, S., Kleinhenz, B., Rohrig, M., & von
Tiedemann, A. (2007). A crop loss-related forcasting
model for Sclerotinia stem rot in winter oilseed rape.
Phytopathology, 97, 1186–1194.

Kohli, Y., Morrall, R. A. A., Anderson, J. B., & Kohn, L. M.
(1992). Local and trans-Canadian clonal distribution of
Sclerotinia sclerotiorum on canola. Phytopathology, 82,
875–880.

Kohn, L. M., Stasovski, E., Carbone, I., Royer, J., &
Anderson, J. B. (1991). Mycelial incompatibility and
molecular markers identify genetic variability in field
populations of Sclerotinia sclerotiorum. Phytopathology,
81, 480–485.

Kubo, Y., Takano, Y., Tsuji, G., Horino, O., & Furusawa, I.
(2000). Regulation of melanin biosynthesis genes during
appresorium formation of Colletotrichum lagenarium. In
S. Freeman, D. Prusky & M. Dickman (Eds.), Host
specificity, pathogenicity, and host pathogen interactions
of Colletotrichum (pp. 99–113). St Paul: American
Phytopathological Society.

Kull, L. S., Vuong, T. D., Powers, K. S., Eskridge, K. M.,
Steadman, J. R., & Hartman, G. L. (2003). Evaluation of
resistance screening methods for Sclerotinia stem rot of
soybean and dry bean. Plant Disease, 87, 1471–1476.

Lazarovits, G., Starratt, A. N., & Huang, H. C. (2000). The effect
of tricyclazole and culture medium on production of the
melanin precursor 1, 8-dihydroxynaphthalene by Sclerotinia
sclerotiorum isolate SS7. Pesticide Biochemistry and
Physiology, 67, 54–62.

Li, G. Q., Huang, H. C., Laroche, A., & Acharaya, S. N.
(2003). Occurrence and characterization of hypovirulence
in the tan sclerotial isolates of S10 of Sclerotinia
sclerotiorum. Mycological Research, 107, 1350–1360.

Li, C. X., Hua Li, Sivasithamparam, K., Fu, T. D., Li, Y. C.,
Liu, S. Y., et al. (2006). Expression of field resistance
under Western Australian conditions to Sclerotinia scle-
rotiorum in Chinese and Australian Brassica napus and
Brassica juncea germplasm and its relation with stem
diameter. Australian Journal of Agricultural Research, 57,
1131–1135.

Li, C. X., Hua Li, Siddique, A. B., Sivasithamparam, K.,
Salisbury, P., Banga, S. S., et al. (2007). The importance of
the type and time of inoculation and assessment in the
determination of resistance in Brassica napus and B.
juncea to Sclerotinia sclerotiorum. Australian Journal of
Agricultural Research, 58, 1198–1203.

Maltby, A. D., & Mihail, J. D. (1997). Competition among
Sclerotinia sclerotiorum genotypes within canola stems.
Canadian Journal of Botany, 75, 462–468.

Malvarez, M., Carbone, I., Grunwald, N. J., Subbarao, K. V.,
Schafer, M., & Kohn, L. M. (2007). New populations of
Sclerotinia sclerotiorum from lettuce in California and
peas and lentils in Washington. Phytopathology, 97, 470–
483.

McCartney, H. A., Lacey, M. E., Li, Q., & Heran, A. (1999).
Airborne ascospore concentration and the infection of
oilseed rape and sunflowers by Sclerotinia sclerotiorum.
In Proceedings of the 10th International Rapeseed
Congress. Canberra, Australia.

Melzer, M. S., & Boland, G. J. (1996). Transmissible
hypovirulence in Sclerotinia minor. Canadian Journal of
Plant Pathology, 18, 19–28.

Morrall, R. A. A., Duczek, L. J., & Sheard, J. W. (1972).
Variation and correlations within and between morphol-
ogy, pathogenicity, and pectolytic enzyme activity in
Sclerotinia from Saskatchewan. Canadian Journal of
Botany, 50, 767–786.

Pratt, R. G., & Rowe, D. E. (1991). Differential responses of
alfalfa genotypes to stem inoculations with Sclerotinia

314 Eur J Plant Pathol (2010) 126:305–315



sclerotiorum and S. trifoliorum. Plant Disease, 75, 188–
191.

Pratt, R. G., & Rowe, D. E. (1995). Comparative pathogenicity
of isolates of Sclerotinia trifoliorum and S. sclerotiorum
on alfalfa cultivars. Plant Disease, 79, 474–477.

Purdy, L. H. (1979). Sclerotinia sclerotiorum: history, diseases
and symptomatology, host range, geographic distribution
and impact. Phytopathology, 69, 875–880.

Riddle, G. E., Burpee, L. L., & Boland, G. J. (1991). Virulence
of Sclerotinia sclerotiorum and S. minor on dandelion
(Taraxacum officinale). Weed Science, 39, 109–118.

Rozen, S., & Skaletsky, H. (2000). Primer3 on the WWW for
general users and for biologist programmers. In S.
Krawetz & S. Misener (Eds.), Bioinformatics methods
and protocols: Methods in molecular biology (pp. 365–
386). Totowa: Humana.

Sanogo, S., & Puppala, N. (2007). Characterization of darkly
pigmented mycelial isolates of Sclerotinia sclerotiorum on
Valencia peanut in New Mexico. Plant Disease, 91, 1077–
1082.

Sexton, A. C., Whitten, A. R., & Howlett, B. J. (2006).
Population structure of Sclerotinia sclerotiorum in an
Australian canola field at flowering and stem-infection
stages of the disease cycle. Genome, 49, 1408–1415.

Sprague, S., & Stewart-Wade, S. (2002). Sclerotinia in canola—
results from petal and disease surveys across Victoria in
2001. In Grains Research and Development Corporation
research update—southern region, Australia, Grains
Research and Development Corporation, Victoria.

Sun, J. M., Irzykowski, W., Jedryczka, M., & Han, F. X.
(2005). Analysis of the genetic structure of Sclerotinia
sclerotiorum (Lib.) de Bary populations from different
regions and host plants by random amplified polymorphic
DNA markers. Journal of Integrative Plant Biology, 47,
385–395.

Sylvester-Bradley, R., & Makepeace, R. J. (1984). A code for
stages of development in oilseed rape (Brassica napus L.).
Aspects of Applied Biology (Agronomy, Physiology, Plant
Breeding and Crop Protection of Oilseed Rape), 6, 399–419.

Zhou, T., & Boland, G. J. (1999). Mycelial growth and
production of oxalic acid by virulent and hypovirulent
isolates of Sclerotinia sclerotiorum. Canadian Journal of
Plant Pathology, 21, 93–99.

Ziman, L., Jedryczka, M., & Srobarova, A. (1998). Relation-
ship between morphological and biochemical character-
istics of Sclerotinia sclerotiorum isolates and their
aggressivity. Journal of Plant Diseases and Protection,
105, 283–288.

Eur J Plant Pathol (2010) 126:305–315 315


	Pathogenicity of morphologically different isolates of Sclerotinia sclerotiorum with Brassica napus and B. juncea genotypes
	Abstract
	Introduction
	Materials and methods
	Sclerotinia sclerotiorum isolates
	Molecular identification of different isolates
	Comparison of colony characteristics
	Pathogenicity of different isolates

	Results
	Molecular identification of different isolates
	Colony characteristics of isolates
	Responses of various genotypes to different isolates of S. sclerotiorum
	Pathogenicity of different isolates of S. sclerotiorum
	Host × pathogen interaction
	Correlation of responses of genotypes between experiments

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


