Occurence of sclerotinia stem rot of
fenugreek caused by Sclerotinia trifoliorum
and S. sclerotiorum in Tunisia
S. Gargouri, S. Berraies, M. S. Gharbi,
T. Paulitz, T. D. Murray & L. W. Burgess

European Journal of Plant Pathology
Published in cooperation with the
European Foundation for Plant
Pathology
ISSN 0929-1873
Volume 149
Number 3
Eur J Plant Pathol (2017) 149:587-597
DOI 10.1007/s10658-017-1208-7

1 23

Your article is protected by copyright and
all rights are held exclusively by Koninklijke
Nederlandse Planteziektenkundige Vereniging.
This e-offprint is for personal use only
and shall not be self-archived in electronic
repositories. If you wish to self-archive your
article, please use the accepted manuscript
version for posting on your own website. You
may further deposit the accepted manuscript
version in any repository, provided it is only
made publicly available 12 months after
official publication or later and provided
acknowledgement is given to the original
source of publication and a link is inserted
to the published article on Springer's
website. The link must be accompanied by
the following text: "The final publication is
available at link.springer.com”.

1 23

Author's personal copy
Eur J Plant Pathol (2017) 149:587–597
DOI 10.1007/s10658-017-1208-7

Occurence of sclerotinia stem rot of fenugreek caused
by Sclerotinia trifoliorum and S. sclerotiorum in Tunisia
S. Gargouri & S. Berraies & M. S. Gharbi & T. Paulitz &
T. D. Murray & L. W. Burgess

Accepted: 2 March 2017 / Published online: 21 March 2017
# Koninklijke Nederlandse Planteziektenkundige Vereniging 2017

Abstract Fenugreek is an annual leguminous crop
grown for hay and grains in Tunisia. It is also considered
a valuable rotation crop with cereals. Sclerotinia rot was
observed in production fields since 2010. The survey
conducted in 2013 revealed that the incidence of diseased plants varied between 5 and 20%. The identification of isolates of Sclerotinia obtained from fenugreek
plants with symptoms of stem rot was determined using
morphological and molecular criteria. The size, shape
and abundance of sclerotia in potato dextrose agar
(PDA) cultures were used to classify isolates as
S. sclerotiorum or S. trifoliorum. A comparison of
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colony diameter on PDA after 24, 48 and 72 h at
25 °C, showed that one isolate grew faster (36 mm/
day) than the other 10 isolates (14.8 mm/day). There
was a significant difference in sclerotial size between the
fast and the slow growing isolates, but there was no
significant difference in the number of sclerotia produced after 3 weeks on PDA. Two of the slow growing
isolates exhibited ascospore dimorphism, whereas the
fast growing isolate did not. PCR amplification with the
primer pair ITS5/ITS4 produced a fragment of 560 base
pairs from the fast growing isolate and 1000 base pairs
from all of the slow growing isolates. The ITS sequences of the fast growing isolate had 100% homology
with S. sclerotiorum, whereas those of the slow growing
isolates had 100% homology with S. trifoliorum. Isolates of both species were pathogenic on fenugreek
seedlings in the greenhouse assay and there was no
significant difference in the percentage of dead plants
two weeks after inoculation between the two species.
Keywords Trigonella foenum-graecum . Sclerotinia
trifoliorum . Sclerotinia sclerotiorum . Carpogenic
germination . Sclerotia

Introduction
Sclerotinia sclerotiorum, S. trifoliorum and S. minor
are important pathogens of a wide range of crops in
temperate climate regions world-wide and are responsible for crown, stem and head rot diseases. Infection
occurs under cool and moist conditions and leads to a
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wet rot. Profuse white mycelial growth is usually
associated with disease development. Stem and
crown rot leads to wilting and collapse of infected
plants. Diseased stems have a bleached, dry appearance if dry conditions follow disease development.
Mycelium on the plant surface can infect and colonize
adjacent stems and foliage through direct contact.
Sclerotia are usually produced in the mycelium as
plant nutrients decline and other conditions are favorable for sclerotial development (Christias and
Lockwood 1973). They persist for long periods in
soil, infested debris or mixed with seed. Apothecia
are produced from sclerotia of S. sclerotiorum and
S. trifoliorum following a period of dormancy. Ascospores released from asci are air dispersed locally and
infection occurs under cool moist conditions (Willetts
and Wong 1980). Apothecial formation by S. minor is
less common and this species commonly infects the
crown region by mycelium (Hao et al. 2003). These
species differ in their host range. S. sclerotiorum and
S. minor have wide overlapping host ranges (Pratt
1992). Boland and Hall (1994) listed 75 families
containing 278 genera and over 400 species as hosts
of S. sclerotiorum. Although S. minor has a more
restricted host range, it has been reported on over 90
species belonging to more than 60 genera (Boland
1997; Melzer et al. 1997). In contrast, S. trifoliorum
has a more restricted host range, being mainly limited
to cool season legumes, particularly forage legumes
such as Medicago and Trifolium spp. (Kohn 1979).
Host specificity has been used to separate the species
in the genus Sclerotinia (Held and Haenseler 1953).
Given the overlapping host ranges, host specificity
does not provide reliable criteria for differentiating
the species.
Consequently, other criteria are used to differentiate
the species (Kohn 1979; Ekins et al. 2005). S. minor can
be relatively easily differentiated from the other two
species based on the small size of the sclerotia and their
abundant formation on host tissues (Petersen et al.
1982). Growth rate and sclerotial characteristics have
also been used to separate S. sclerotiorum from
S. trifoliorum (Petersen et al. 1982; Tariq et al. 1985;
Willetts and Wong, 1980).
Morphological differentiation of S. sclerotiorum
and S. trifoliorum relies on the size of ascspores
within the ascus. S. trifoliorum shows dimorphism
in ascospore size (two different-sized ascospores
within a single ascus), whereas ascospores of

Eur J Plant Pathol (2017) 149:587–597

S. sclerotiorum show no dimorphism (Kohn 1979;
Uhm and Fujii 1983).
Molecular markers have been used as criteria for
taxonomic discrimination of Sclerotinia species. These
markers include proteins (Petersen et al. 1982; Tariq
et al. 1985), random amplified polymorphic DNA
(RAPD) (Ekins 2000) and restriction fragment length
polymorphisms (RFLP) (Kohn et al. 1988; Ekins et al.
2005). Recently Powers et al. (2001) reported an intron
in the nuclear ribosomal DNA of S. trifoliorum species
that distinguishes it from S. sclerotiorum and S. minor.
Fenugreek is an annual leguminous plant native
of the Mediterranean region (Duke et al. 1981). It is
used as a spice crop and has important medicinal
properties. It is also grown as a forage crop in some
countries (Keville 1994; Acharya et al. 2008). In
Tunisia it is a minor crop grown mainly in the
northern area of the cereal-growing region, an area
characterized by a Mediterranean climate, with more
than 500 mm of annual rainfall. Fenugreek is grown
in rotation with cereals and used mainly for hay and
grains. An increasing interest is given to this crop in
Tunisia. Recently, Saada et al. (2014) and Rekik and
Bergaoui (2016) have demonstrated that fenugreek
seeds of Tunisian cultivars are a rich source of
protein, fat, fiber and carbohydrates and suggested
that it should be considered in the food and feed
consumption. Other research has indicated the medicinal benefits of this legume (Aissa et al. 2013;
Hfaiedh et al. 2014). Haouala et al. (2008) and
Omezzine et al. (2014) have reported the antifungal,
insecticidal and allelopathic potential of fenugreek
extracts from aerial parts of a Tunisian cultivar.
In Tunisia, wilted plants were observed in some
dense crops of fenugreek (Trigonella foenum-graecum)
with a closed canopy during an ad-hoc disease survey in
2011. These plants were affected by stem rot with a
bleached appearance typical of infection by Sclerotinia
species and both white mycelium and sclerotia were
present on some diseased plants.
There are only two reports of Sclerotinia species
associated with fenugreek: S. trifoliorum has been reported once on fenugreek by Petri (1934) and more
recently, Singh et al. (2007) reported S. sclerotiorum as
a new pathogen of fenugreek in India.
The objective of the present study was to evaluate the
incidence of stem rot of fenugreek in Tunisia and to
identify the Sclerotinia species associated with the disease using morphological and molecular criteria.
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Material and methods

Morphological identification

Sampling

Assessment of growth rates and characteristics
of sclerotia

A total of nine fenugreek fields were sampled in
April 2013 in northern Tunisia (Fig. 1, Table 1). Fifty
plants were collected on an ad hoc basis from each
field. The incidence of stem rot was evaluated as the
percentage of plants with typical bleaching of at least
one stem.

Isolation of Sclerotinia species
Symptomatic stems were washed thoroughly in tap
water. Stem sections were then scraped aseptically to
remove a thin outer layer of stem tissue and swabbed
lightly with 70% ETOH. Thin oblique transverse segments were then removed aseptically and plated on onequarter strength potato dextrose agar (PDA). Colonies
that developed from the sections were sub-cultured onto
water agar for purification and then to full-strength PDA
for identification.

Fig. 1 Locations of the nine fenugreek fields sampled in April 2013

Among the isolates obtained, eleven were used in this
study (Table 1). The isolates were grown on full-strength
PDA medium in 9-cm diameter Petri dishes. Each plate
was inoculated with a 7-mm diameter disc of inoculum
from a 3-day-old culture and incubated at 25 °C in the
dark. The growth rate of each isolate was determined from
the mean diameter calculated from two measurements,
after 24, 48 and 72 h. Sclerotial characteristics (morphology, size and number) were assessed after three weeks.
This experiment was arranged in a completely random
design with three replicates (three plates) per isolate.

Carpogenic germination
Four isolates with different growth rates were selected
for production of apothecia. Each isolate was cultured
on PDA in 9-cm-diameter Petri dishes at 25 °C in the
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Table 1 Incidence in percentage
of Scerotinia stem rot estimated in
the nine fields sampled and
isolates of Sclerotinia spp. used in
this study
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Fields

Coordinates

Isolate

Incidence

308
309

N37 08.774 E9 57.402

-

0%

N36 55.770 E10 05.835

Sc.309–1 ; Sc. 309–2

20%

310

N36 58.962 E9 58.906

Sc. 310

5%

311

N37 01.947 E9 49.012

Sc. 311

16%

313

N37 04.147 E9 41.394

Sc.313

10%

305

N37 01.026 E9 39.298

Sc. 305

20%

315

N36 58.404 E9 38.312

Sc. 315

12%

316

N36 58.339 E9 38.261

Sc. 316 ; Sc. 316–1

18%

212

N36 39.207 E 8 58.329

Sc12, Sc212

14%

dark for 10 d for the production of sclerotia. The sclerotia produced on PDA were collected, placed in three
Petri dishes containing moist sand, and incubated at
4 °C for 12 weeks, and then kept at 20 ~ 24 °C under
alternating cycles of 12 h fluorescent light and 12 h of
darkness to induce the formation of apothecia. The Petri
dishes were watered regularly until the apothecia developed (Smith and Boland 1989). The mature apothecia
were cut into thin slices under the dissecting microscope, and the asci were examined under a compound
microscope and photographed.
Molecular identification
DNA extraction
Approximately 1 g of mycelium from each of the 11
isolates was harvested from 10-day-old cultures and
ground with liquid nitrogen. Total genomic DNA was
extracted from each mycelial powder following the
method of Möller et al. (1992), re-suspended in Tris–
EDTA buffer and stored at -20C.
PCR amplification and sequencing of the ribosomal
DNA region
The primer pairs ITS1/ITS4 and ITS5/ITS4, described
by White et al. (1990), were used to amplify two regions
of the small subunit rDNA. The cycling protocol was
initially denaturation at 94 °C for 2 min followed by
35 cycles of 94 °C for 30 s, 55 °C for 30 s and 72 °C for
30 s and final extension at 72 °C for 10 min.
PCR products were separated on a 1.2% agarose gel
containing SYBR Green and examined using an ultraviolet light source.

Amplicons of the ITS1/ITS4 PCR were purified
using a PCR purification kit (Qiagen, Valencia, CA,
USA) according to the manufacturer’s instructions. Purified products were submitted to the ELIM Biopharm
(California, USA) for sequencing. The resulting DNA
sequences were used as the query in a BLAST analysis
of Genbank to search for highly similar sequences
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Pathogenicity test
One isolate of S. sclerotiorum and seven isolates of
S. trifoliorum were used in a pathogenicity test on
three-week-old fenugreek seedlings. Two cm long surface sterilized fenugreek stem sections were colonized
by placing them for two weeks on individual PDA
cultures with one of the eight isolates. A colonized
section was placed against each of three stems per pot
and maintained in position with a wooden toothpick. A
sterile fenugreek stem section was placed against each
of the control stems. Pots were placed in a green house
with a temperature regime of approximately 25 °C during the day and 16 °C at night and were irrigated daily.
The percentage of dead plants was assessed two weeks
after inoculation. The experimental design was a randomized complete block design with 6 replicates (pots)
consisting of three plants per pot per isolate.
Diseased plants were collected at the end of the
experiment and used to re-isolate the pathogen. Basal
stem segments were cut from each plant and surface
sterilized with 70% ETOH then washed twice in sterile
distilled water. The segments were then dried on filter
paper and deposited on quarter-strength PDA. The mycelium that developed was transferred to full strength
PDA. The identification of the pathogens was based on
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morphological characteristics of Sclerotinia spp.: the
mycelium aspect and the formation of black sclerotia.
Statistical analysis
Analysis of variance was performed on data from the
growth rate experiments, the tests for sclerotial size and
number, and the pathogenicity test assays. Fisher’s
protected least significant difference (P < 0.05) was used
to compare means of treatments. Statistical analyses
were performed with SPSS (version 17.0) software.
Means of the growth rate and the sclerotia size and
number were separated by use of Duncan’s new multiple range test at P = 0.05.

Results
Symptoms and disease incidence
Plants with typical symptoms of Sclerotinia stem rot
were found in eight of the nine crops sampled (Fig. 2a,
Fig. 2 Symptoms of Sclerotinia
rot in fenugreek; (a) Wilting of
the plants; (b) Bleached
discoloration of the stem; (c)
Fluffy, white mycelium
characteristic of Sclerotinia
species growing from necrotic
tissue; (d) Development of
sclerotia on the stems
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Table 1). The incidence of infected plants based on the
frequency of symptomatic stems ranged between 5 and
20% with a mean of 14.3%. Affected stems showed a
light tan to bleached discoloration typical of infection by
Sclerotinia species (Fig. 2b). Fluffy, white mycelium
characteristic of Sclerotinia species developed from necrotic tissue (Fig. 2c). Black sclerotia were usually
present on diseased plants (Fig. 2d).

Morphological characterization of Sclerotinia species
The eleven isolates used in this work showed cultural
characteristics typical of Sclerotinia species: dense
white mycelium with black sclerotia of different sizes
and shapes.
The number of sclerotia among all isolates varied
between 20 and 61 per plate and the size of sclerotia
varied between 2 and 5 mm. The sclerotia were distributed concentrically on the agar medium (Fig. 2 a, c). The
relatively large sclerotia indicated that the isolates were
either S. sclerotiorum or S. trifoliorum.
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There were significant differences (P < 0.001) between different isolates in relation to colony diameter
measured after 24 h, 48 h and 72 h of incubation. The
growth rate of one isolate was significantly greater than
the other 10 isolates. The fast growing isolate had a
mean growth rate of 36 mm/day, whereas the other
isolates had growth rates that ranged between 11.5 mm
and 17.8 mm/day and averaged 14.8 mm/day. These
results indicated that the fast growing isolate was
S. sclerotiorum and the other isolates were
S. trifoliorum.
Sclerotia of the putative isolate of S. sclerotiorum
produced on agar media, were, in general, round to
ellipsoidal (Fig. 3b). In contrast, the sclerotia formed
by S. trifoliorum isolates were irregular and often two or
more sclerotia were fused in a large stroma, particularly
at the edge of the plate (Fig. 3d). The number of sclerotia
per plate varied between the isolates and even between
the replicates of the same isolate, ranging between 24
and 33 in the isolate of S. sclerotinia and between 20 and
61 in the isolates of S. trifoliorum (Table 2). There was
no significant difference in the number of sclerotia per
plate between the two species. However, the isolate Sc
309–1 of S. trifoliorum had a significantly greater
Fig. 3 Sclerotia characteristics of
Sclerotinia sclerotiorum (a and b)
and S. trifoliorum (c and d)
3-week-old colonies of (a).
S. sclerotiorum and (c).
S. trifoliorum respectively on
PDA at 25 °C in the dark with a
concentrical distribution of
sclerotia; (b) Sclerotia of
S. sclerotiorum with regular,
round and ellipsoidal shape; (d)
Sclerotia of S. trifoliorum with
irregular form and, in some cases,
two or more sclerotia merged in a
large stroma
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Table 2 Colony diameter after 48 h of incubation on PDA and
sclerotia characteristics of one isolate of S. sclerotiorum and ten
isolates of S. trifoliorum
Colony
diameter
(mm)

Average
number of
sclerotia
per plate

Average
size of
sclerotia
(mm)

60.1a

27.7a

3.0a

Sc.212
Sc 313
Sc.305
Sc. 316–1
Sc.310
Sc.316

26.8b
24.6b
23.0bc
20.3cd
17.3de
17.0def

36.7ab
36.0ab
34.0ab
39.0ab
33.7ab
32.7ab

1.7de
2.3b
2.0bcd
1.9cde
2.1bc
1.6e

Sc.311
Sc.309–2
Sc.309–1
Sc.315

14.6ef
14.6ef
14.0ef
13.3f

42.0ab
27.0a
48.0b
35.0ab

1.9cde
2.3b
2.0bcde
2.2bc

Isolates

S. sclerotiorum
Sc. 12
S. trifoliorum

Means not followed by the same letter differ significantly at
P = 0.05 according to Duncan’s new multiple range test

number of sclerotia. The size of sclerotia was also
variable ranging between 1.5 and 5 mm in the
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S. sclerotiorum isolate and between 0.8 and 4.5 mm in
the S. trifoliorum isolates. Statistical analysis revealed
that the size of sclerotia was significantly larger in the
S. sclerotiorum isolate than in the S. trifoliorum isolates.
Sclerotia of S. sclerotiorum could easily be detached
from the substrate. In contrast, sclerotia of S. trifoliorum
were firmly attached to the agar and were difficult to
remove without adhesion of some of the medium. The
results of growth and sclerotia characteristics are summarized in Table 2.

No apothecia were formed within this time period by
the three isolates of S. trifoliorum. It was not until after
almost 3 months that two isolates started to produce
apothecia. None of the sclerotia of the third isolate
produced apothecia. The ascospore arrangement within
the asci of the two species differed. Ascospore dimorphism typical of S. trifoliorum with four large and four
small ascospores, was observed from all apothecia
formed (Fig. 4a). In contrast, the isolate of
S. sclerotiorum produced eight ascospores of the same
size, characteristic of the species (Fig. 4b).

Germination of sclerotia and formation of apothecia

Pathogenicity test

The duration of the incubation time for the production of
apothecia differed between the two putative species. The
isolate of S. sclerotiorum started forming apothecia after
10 weeks in one plate, while the other two plates of the
same isolate showed apothecia formation within the
next two weeks.

All isolates tested were pathogenic, inducing necrosis
on the stems adjacent to the inoculum three days after
inoculation, whereas control plants remained symptomless. White mycelium was formed occasionally on the
infected stems at the point of inoculation. Inoculated
plants started dying one week after inoculation. The

Fig. 4 Ascospore dimorphisms
(a) Ascus of Sclerotinia
trifoliorum showing ascospore
dimorphism of 4:4 tetrad
arrangement; (b) Ascus of
S. sclerotiorum showing no
ascospore size dimorphism
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percentage of dead plants ranged between 38 and 52%
after two weeks of the inoculation. There was no significant difference in the percentage of dead plants between
S. sclerotiorum isolate and S. trifoliorum isolates. More
than 85% of the plants were dead after 4 weeks (Fig. 5).
The pathogens were re-isolated from diseased plants
fulfilling Koch’s postulates.
Molecular identification of Sclerotinia species
PCR with primer pair ITS1/ITS4 amplified a DNA
fragment of about 540 bp in all isolates tested. However,
PCR with primer pair ITS5/ITS4 amplified a DNA
fragment of about 560 bp in the putative isolate of
S. sclerotiorum and another of about 1000 bp from the
isolates of S. trifoliorum as expected. The larger PCR
amplicon from the isolates of S. trifoliorum is due to the
presence of an intron located between primers ITS1 and
ITS5 (Powers et al. 2001; Njambere et al. 2008) (Fig. 6).
Sequencing of ITS1/ITS4 amplicons and NCBI
blast showed 100% homology of the putative isolate
of S. sclerotiorum with the reference isolate
S. sclerotiorum (EF091807.1) whereas the putative
isolates of S. trifoliorum showed 100% homology
with the reference culture of S. trifoliorum species
(EU082464.1). Alignment of the sequences showed
that the sequences of the 10 putative isolates of
S. trifoliorum were identical and that there were
two base pairs difference between the putative isolate of S. sclerotiorum and the putative isolates of

Fig. 5 Pathogenicity on stems of fenugreek seedlings inoculated
with fenugreek stem sections colonized by Sclerotinia
sclerotiorum (a) Plants at 4 weeks showing symptoms; (b) control
plants after inoculation with sterile stem sections
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S. trifoliorum. These two SNPs were located at
position 120 and position 376. The isolate of
S. sclerotiorum had thymine at both positions
whereas all isolates of S. trifoliorum had a guanine
and a cytosine respectively at positions 120 and 376.
The sequences of the isolate of S. sclerotiorum and of
two isolates of S. trifoliorum were deposited in Genbank
and were given the accession numbers KT369007.1,
KT750141.1 and KT750142.1 respectively.

Discussion
The results of this study showed that both S. trifoliorum
and S. sclerotiorum cause stem rot of fenugreek in
Tunisia. However, S. trifoliorum was isolated more frequently than S. sclerotiorum suggesting that the former
species is the most common pathogen associated with
the disease in Tunisia. This finding corresponds with
previous published findings that S. trifoliorum is mainly
a pathogen of leguminous plants. Although both species
have been isolated from other forage legumes,
S . t r i f o l i o r u m i s f o u n d m o r e c o m m o n l y.
S. sclerotiorum is primarily known as a pathogen of
vegetable, oilseed, and ornamental crops, but it also
causes disease in forage legume under favorable conditions (Boland and Hall 1994; Pratt and Rowe 1995;
Vleugels et al. 2013).
Sclerotinia stem rot disease has been observed in
almost all fields of fenugreek with moderate incidence
in 2013. Given the widespread distribution and host
range of S. trifoliorum and S. sclerotiorum, it is plausible
that the disease may become an increasing threat on
fenugreek in Tunisia, where it is a valuable rotation crop
with cereals serving as a break crop to reduce diseases
and to increase the nitrogen for cereal production
(Acharya et al. 2008; McCormick et al. 2006;
Mehrafarin et al. 2011). Fenugreek is also valuable for
hay production, and for spice and medicinal use (Aissa
et al. 2013; Hfaiedh et al. 2014).
In the current study, morphological characteristics
and polymorphism in the ribosomal DNA have been
used to confirm the identity of the two Sclerotinia species. The isolate of S. sclerotiorum showed a higher
growth rate than the isolates of S. trifoliorum. This
difference is in agreement with findings of Tariq et al.
(1985), Njambere et al. (2008) and Vleugels et al.
(2013). The growth rate of colonies on PDA provides
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Fig. 6 Agarose gel
electrophoresis of polymerase
chain reaction products amplified
with ITS5/ITS4 primers l 1 Kb
DNA ladder; lane
1,2,4,5,6,7,8,9,10 and 11
Sclerotinia trifoliorum isolates;
lane 3 S. sclerotiorum isolate; n
no DNA control

a reasonable marker for separating these two species
based on this and previous studies.
The size, number and distribution of sclerotia in the
plates on PDA could eliminate the possibility of
S. minor, which produces numerous small sclerotia
scattered throughout the colony, with no distinct pattern
visible (Tariq et al. 1985; Kim and Cho 2003). However,
sclerotia characteristics alone could not be used to separate S. sclerotiorum and S. trifoliorum but provide an
indication of the species. There was an overlap in the
size and number of sclerotia even though the mean size
of sclerotia of S. sclerotiorum was larger than those of
S. trifoliorum. Similarly Tariq et al. (1985), Kim and
Cho (2003) and Vleugels et al. (2013) have observed a
variation in the number and size of sclerotia in
Sclerotinia species and within species.
Although ascospore morphology distinguished the
two species, the carpogenic germination assay took
6 months and apothecia could be observed in only three
isolates. Uhm and Fujii (1983) found that small spore
strains of S. trifoliorum (strains that are derived from
single small spores) are self-sterile but cross-fertile with
only those from large spore strains (strains that are
derived from large small spores). The isolate that did
not produce apothecia may be heterothallic and required
mating with spores from a compatible strain for
apothecial production. Therefore, molecular markers
are useful and efficient for confirmation of
identification. Amplification with the primer pair ITS5/
ITS4 separated S. sclerotiorum from S. trifoliorum.
Powers et al. (2001) reported that isolates of
S. trifoliorum contain group I introns in the nuclear
small subunit rDNA, whereas S. scleriotiorum do not,

which was confirmed later by Njambere et al. (2008).
The two base pair differences in the ITS1-ITS4 region
between S. trifoliorum and S. sclerotiorum reported by
Holst-Jensen et al. (1999) was also observed in this
work. Similarly, Njambere et al. (2008) reported that
all S. trifoliorum isolates from chickpea used in their
study had the SNPs G and C at positions 120 and 376
respectively. Recently, Baturo-Ciesniewska et al. (2016)
obtained two groups of S. trifoliorum isolates based on
ITS rDNA sequences; one group had the G/C SNPs at
120/367 positions, and a second group had the T/C
SNPs at these positions.
This study demonstrated that both S. trifoliorum
and S. sclerotiorum infect fenugreek in Tunisia.
Given the small number of isolates studied, increasing the number of fields and isolates within each
field would better assess their relative importance
across the region. Since sclerotial characteristics do
not provide a consistent criterion for separating
S. sclerotiorum and S. trifoliorum species, and since
carpogenic germination is time consuming, growth
rate and group I introns and sequence variability in
the ITS region may provide the most reliable criteria
for use in studies on the frequency of isolation of
each species.
Further studies are needed to gain further information
related to the biology and epidemiology of these two
species in the area where fenugreek is grown in Tunisia
and to clarify the host specialization and aggressiveness
of Sclerotinia species and isolates from fenugreek compared to those from other crops. Such information
would enable integrated disease management strategies
to be refined.
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