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Abstract

Sclerotium rolfsii is a serious soilborne phytopathogenic fungus causing serious yield loss in crops of high
economic importance. In this study, the effects of temperatures and culture media were evaluated on S. rolfsii
mycelial growth, sclerotial production and germination. The three isolates tested grew over a range of temperatures
from 10°C to 35°C but not at 5°C and 40°C. Radial growth and dry mycelium production were highest at 30°C.
Sclerotial initiation started on the 3rd day after incubation at 30°C and 35°C, and mature sclerotia were observed
after 15 and 6 days of incubation, respectively. Optimal sclerotial production and the dry weight of 100 sclerotia
varied depending on isolates and temperatures and occurred at 25°C-35°C. No mature sclerotia were produced at
5°C, 10°C, 15°C and 40°C. Sclerotial germination, noted after 24 h of incubation, was 96%-100% at 25°C-35°C,
declined at 15°C-20°C, and was totally inhibited at 5°C, 10°C and 40°C even after 72 h of incubation. For all S. rolfsii
isolates, optimal radial growth occurred on OAT medium followed by CZA, MYEA and PDA. When grown on PDA
and OAT media, S. rolfsii developed cottony colonies with abundant mycelium whereas on WA and CZA pathogen
growth was thin and scanty. Colonies formed on the other media developed sparse and flat mycelia. For sclerotial
formation, WA and CZA were the most suitable culture media but no dark brown sclerotia were observed on NA and
YDA. The highest sclerotial formation was observed on PDA and CZA. The highest sclerotium weight was produced
by Sr3 isolate on PDA whereas for Sr1 and Sr2 isolates, sclerotial weights were significantly comparable on PDA,
MYEA and CZA. Sclerotial germination was optimal on all tested media except NA. The significance of these
findings on S. rolfsii biology is discussed.
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Introduction
The agricultural sector has an interesting impact gains in the

economic development by contributing significantly to food security,
national income and employment. However, despite this importance,
agriculture faces multiple challenges especially the climate change,
affecting negatively both crop and livestock systems with increases in
temperatures, rainfall variation and the frequency and the intensity of
extreme weather events [1]. Thus, because the environment
significantly influences plants, pathogens and their antagonists,
changes in environmental conditions are strongly associated with
differences in the level of losses caused by a given disease, and
environmental changes are often implicated in the emergence of new
diseases [2]. Therefore, new, emerging, re-emerging and threatening
plant diseases have been reported causing significant yield losses to
several crops [3-6]. Among the re-emerging plant diseases, collar rot
caused by Sclerotium rolfsii has become a major limiting factor and the
challenging to both farmers and scientists. S. rolfsii is a soilborne
fungal plant pathogen attacking an extensive host range, including
more than 500 plant species [7,8]. It causes, during any plant growth
stage, dark brown lesions on stems followed by drooping and wilting of
leaves and gradually wilting of the whole plant. Such wilted plants

show white cottony fungal thread girdling the basal part of stem and
moving below stem to roots [9,10]. This pathogenic fungus is
characterized by an abundant white mycelium and small-brown
sclerotia developing on diseased tissue under hot humid conditions.
Sclerotia serve as the principal over-wintering structure and primary
inoculum for disease persistence near the soil surface [9]. This
pathogen is responsible for heavy economic losses on many plant
species. In fact, disease can cause dry-seed yield loss of up to 53.4% on
cowpea [11]. In peppermint, this pathogen caused about 5% to 20% of
crop loss under field conditions [12]. It is also considered as major
threat to tomato and artichoke crops leading to 10%-45% [13] and 60%
[14] plant losses, respectively. This fungus occurs worldwide but is
more widespread throughout the most tropics and warmer regions of
the temperate zones [9,15]. Therefore, environmental conditions may
influence plant infection and consequently the levels of the induced
losses [16]. In Tunisia, this pathogen was first reported on olive trees
[17], on potato [18] and on apple trees [19]. Previous investigators
studying the effects of environmental conditions indicated that optimal
growth and sclerotial production and germination occurred at
25°C-30°C [20-23]. Nevertheless, Temperature variations may affect
the shape and size of the sclerotia [9]. In fact, in California, this
pathogen is most active at relatively warm temperatures (27°C to 32°C)
[24]. In Tunisia, the optimum growth occurred at 30°C-35°C [25]. The
temperature requirements reflect its distribution and occurrence in
warm regions of the world. Although previous investigations were
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focused on the influence of some abiotic factors on S. rolfsii, each of
these studies concerned only a part of their biological cycle: mycelial
growth or sclerotial production or sclerotial germination, separately.
No previous studies examined all physiological parameters together
nor investigated the relationship between environment conditions,
pathogen mycelial growth and its sclerotial formation and production.
Therefore, the objective of this study was to provide detailed
information on the effects of temperature and culture media on
mycelial growth, biomass production, sclerotial production and
germination of three selected Tunisian S. rolfsii isolates. An
understanding of the role of environmental conditions and their effects
on pathogen development and survival is necessary to develop more
effective management practices.

Materials and Methods

Pathogen isolates
Three S. rolfsii isolates were used in the current investigation. Sr2

and Sr3 were recovered from potato tubers showing severe soft rot
symptoms and Sr1 was isolated from a rotted artichoke stem. These
isolates were held in the laboratory of Phytopathology at the Regional
Research Centre on Horticulture and Organic Agriculture of Chott-
Mariem, Tunisia. Prior to use, isolates were grown on Potato Dextrose
Agar (PDA) medium at 25°C in the dark.

Effect of temperature on pathogen mycelial growth and
sclerotial production and germination
Effect on radial mycelial growth and sclerotial production: To

examine the effect of temperature on the mycelial growth of three S.
rolfsii isolates (Sr1, Sr2 and Sr3), mycelial plugs (6 mm in diameter) cut
from the margin of 7-day-old growing colonies on PDA were placed in
the centre of 90 mm Petri plates containing PDA medium amended
with streptomycin sulfate (300 mg/L w/v). Inoculated plates were
incubated in the dark at 5°C, 10°C, 15°C, 20°C, 25°C, 30°C, 35°C, and
40°C for 3 days. The diameters of the resulting colonies were measured
daily (after 24, 48 and 72 h of inoculation) and the radial growth rate
(mm/day) was determined. The same Petri plates were further
incubated at the tested temperatures for 21 days. After this incubation
period, sclerotial formation and production were determined.
Sclerotial formation was noted every 3 days [26]. Sclerotial production
was determined by removing mature sclerotia with a sharp scalpel.
Harvested sclerotia were placed in fine mesh nylon bags and washed
thoroughly with Sterile Distilled Water (SDW) to remove agar debris.
Washed sclerotia were counted and the average number of mature
sclerotia produced per plate was determined. These sclerotia were
placed on pre-dried and weighed Whatman no1 filter papers and the
dry weight of 100 sclerotia per plate was determined after 48 h of
incubation at 70°C. For all the parameters measured, ten replicate
plates were used per individual treatment (per isolate and per
temperature tested).

Effect on mycelium dry weight: In order to study the effect of
temperature on mycelium dry weight, 15 ml of Potato Dextrose Broth
(PDB) medium contained in 150 ml-flasks was aseptically inoculated
with 6-mm mycelial plugs cut from each S. rolfsii growing colony.
Flasks were then incubated in the dark at the same temperatures tested
above (5°C-40°C). After 5 days of incubation, the resulting mycelial
mat was filtered through Whatman no1 filter paper, washed thoroughly
with SDW, dried at 60°C for three days and weighed immediately on

an analytical electrical balance. Ten replicates (flasks) were used per
each individual treatment.

Effect on sclerotial germination: Similar-sized mature sclerotia (21-
day-old sclerotia) were used in this experiment. Ten sclerotia were
placed onto 90 mm-Petri plates containing PDA medium and
incubated in the dark at the same temperatures tested above. Sclerotial
germination was determined after 24, 48 and 72 h of incubation by
assessing individual sclerotia for outgrowing hyphae under a binocular
microscope. A sclerotium was considered germinated when
outgrowing hyphae were equal to or greater than its diameter. Ten
replicate plates were used per each individual treatment and the
percentage of germinated sclerotia per plate was recorded.

Effect of culture media on pathogen mycelial growth and sclerotial
production and germination: The mycelial growth of S. rolfsii isolates
as well as their sclerotial development, production and germination
were evaluated on eight culture media: namely Potato Dextrose Agar
(PDA), Sabouraud Chloramphenicol Agar (SAB), Czapek Dox Agar
(CZA), Nutrient Agar (NA), Oat Meal Agar (OAT), Yeast Dextrose
Agar (YDA), Malt Yeast Extract Agar (MYEA), and Water Agar (WA).
All these media were prepared according to the manufacturer
instructions (HiMedia, India), autoclaved at 121°C for 30 min and
poured into Petri plates. Plates containing each of the eight tested
media were inoculated with a 6-mm-mycelial plugs cut from a 7-day-
old S. rolfsii colony previously grown on PDA and incubated at 30°C.
There were ten replicate plates for each individual treatment. The
radial growth rate (mm/day), the sclerotial development, production
and germination were evaluated as described above. Moreover, for all
the three isolates tested, colony morphology was also examined and
macro-morphologically characterized.

Statistical analysis
Statistical analyses were performed following a completely

randomized factorial design where fungal treatments (S. rolfsii
isolates) and tested factors (temperatures or culture media) were the
two fixed independent variables. Ten replicates were used per each
individual treatment and means were separated using Fisher’s
protected LSD or Students Neuman Keuls tests (at p ≤ 0.05). Statistical
analyses were performed using SPSS software version 17. All the
experiments were repeated twice and the mean data was presented in
the current study.

Results

Effect of temperature on S. rolfsii growth and survival
Effect on radial mycelial growth: The rate of S. rolfsii mycelial

growth, noted after 3 days of incubation on PDA, was significantly (at
p ≤ 0.05) affected by temperatures tested and isolates used; a significant
interaction was also noted between these two factors. As shown in
Figure 1, all S. rolfsii isolates were able to grow over a range of
temperatures varying from 10°C to 35°C whereas no growth was
observed at 5°C and 40°C. In general, the rate of mycelial growth
increased as temperature increased up to 30°C and then decreased
rapidly as temperature increased. At 10°C, mycelial growth of all
isolates was slow with an average rate of 3.31 mm/day, compared to
significantly higher rates of 6.86, 10.14, 18.35 and 15.80 mm/day, noted
at 15°C, 20°C, 25°C and 35°C, respectively.
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Figure 1: Effect of temperature on radial growth of three Sclerotium
rolfsii isolates recorded after 3 days of incubation on PDA medium.
LSD (Temperature × S. rolfsii isolates)=0.365 mm at p ≤ 0.05.

Optimum growth occurred at 30°C for all isolates, with an average
growth of 24.04 mm/day. For pooled data of all tested temperatures,
the radial mycelial growth of Sr2 isolate was significantly higher than
that of Sr1 and Sr3.

Effect on mycelium dry weight: Growth of S. rolfsii in terms of
mycelial dry weight, noted after 5 days of incubation on PDB medium,
was significantly (at p ≤ 0.05) affected by temperatures tested. A
significant interaction between temperatures and isolates was also
noted. In general, mycelium dry weight increased as temperature
increased up to 30°C and then decreased rapidly at higher
temperatures tested (Figure 2). For all isolates, fungal biomass was
optimum at 30°C with an average mycelial dry weight of 208 mg. These
isolates showed also good growth at 25°C. The mycelial growth of Sr2

isolate was significantly similar at 20°C and 35°C, while that of Sr3 was
better at 35°C than at 20°C. The Sr1 isolate exhibited significantly
comparable mycelial growth at 20 and 35°C. Mycelial extension of S.
rolfsii isolates was very restricted at 15°C and totally inhibited at 5°C,
10°C and 40°C (Figure 2).
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Figure 2: Effect of temperature on dry mycelial weight of three
Sclerotium rolfsii isolates recorded after 5 days of incubation on
PDB medium. LSD (Temperature × S. rolfsii isolates)=16.438 mg at
p ≤ 0.05.

Effect on sclerotial formation and production: As for the mycelial
growth, sclerotial formation was affected by temperatures. As shown in
Table 1, sclerotial initiation started on the 3rd day after incubation at
30°C and 35°C, as whitish, tiny, pinhead-like structures which became
dark brown mature sclerotia after 15 and 6 days, respectively. At 10°C

and 15°C-25°C, sclerotial initiation was observed on the 9th and 6th

days of incubation on PDA, respectively (Table 1).

Temperature
(°C) Isolates Days after inoculation

First
initials

White
sclerotia

Dark mature
sclerotia

5

Sr1 - - -

Sr2 - - -

Sr3 - - -

10

Sr1 9 - -

Sr2 15 - -

Sr3 9 - -

15

Sr1 6 - -

Sr2 6 - -

Sr3 6 21 -

20

Sr1 6 15 18

Sr2 6 18 21

Sr3 6 18 21

25

Sr1 6 12 15

Sr2 6 12 15

Sr3 6 12 15

30

Sr1 3 9 15

Sr2 3 9 15

Sr3 3 9 12

35

Sr1 3 4 6

Sr2 3 4 6

Sr3 3 4 6

40

Sr1 - - -

Sr2 - - -

Sr3 - - -

Table 1: Effect of temperature on sclerotial development of three
Sclerotium rolfsii isolates on PDA medium noted after 21 days of
incubation in the dark.

For all S. rolfsii isolates, sclerotial formation was relatively very slow
at 10°C-15°C and no mature sclerotia were produced even after 21
days of incubation. At 5°C and 40°C, there was no sclerotium
formation for all isolates till 21 days of culture (Table 1). The average
number of mature sclerotia, produced per plate after 21 days of
incubation on PDA medium, varied significantly (at p ≤ 0.05)
depending on tested temperatures and S. rolfsii isolates and their
interactions. As given in Table 2. Sr1 isolate showed optimal sclerotial
production at 25°C, estimated at 228.6 sclerotia/plate, which was
significantly reduced when temperature increased up to 30 and 35°C.

Citation: Ayed F, Jabnoun-Khiareddine H, Aydi Ben Abdallah R, Daami-Remadi M (2018) Effect of Temperatures and Culture Media on
Sclerotium rolfsii Mycelial Growth, Sclerotial Formation and Germination. J Plant Pathol Microbiol 9: 446. doi:
10.4172/2157-7471.1000446

Page 3 of 9

J Plant Pathol Microbiol, an open access journal
ISSN: 2157-7471

Volume 9 • Issue 8 • 1000446



For Sr2, sclerotial yield was significantly similar at 25°C-35°C with an
average of 131 and 156.4 mature sclerotia/plate, respectively. When
grown at 35°C, Sr3 showed its maximum sclerotial production, of
about 290.8 sclerotia/plate, which was significantly 4 times higher than
that recorded at 30°C and 25°C. After 21 days of incubation at 20°C, all
S. rolfsii isolates produced very few and scattered mature sclerotia.
However, no mature sclerotia were produced at 5°C, 10°C, 15°C and
40°C.

Temperaturea (°C)

Number of sclerotia per
plate

Mean number of
sclerotia per 
temperatureb

Sr1 Sr2 Sr3

5 0c 0d 0c 0c

10 0c 0d 0c 0c

15 0c 0d 0c 0c

20 22.2c 10d 7.6c 13.27c

25 228.6a 131c 71.8b 143.8b

30 147.8 b 189.6a 73b 136.b

35 154 b 156.4bc 290.8a 200.4a

40 0 c 0 d 0c 0c

Mean number of
sclerotia per isolatec 69.07 a 60.87ab 55.4b -

a Temperatures (5, 10, 15, 20, 25, 30, 35, and 40°C)
b Mean number of sclerotia per temperature for the three isolates combined
c Mean number of sclerotia per isolate for all tested temperatures
*LSD (Temperature × S. rolfsii isolates)=26.774 sclerotia at p ≤ 0.05
*For the number of sclerotia of each isolate and for their mean per temperature,
values followed by the same letter are not significantly different according to
Duncan Multiple Range test (at p ≤ 0.05)

Table 2: Effect of temperature on the number of sclerotia produced by
three Sclerotium rolfsii isolates on PDA medium after 21 days of
incubation in the dark.

The dry weight of 100 sclerotia, formed after 21 days of incubation
on PDA, varied significantly (at p ≤ 0.05) depending on isolates used
and temperatures tested; a significant interaction was also noted
between both fixed factors. As shown in Table 3, the highest dry weight
of 100 sclerotia was recorded at 25°C and 30°C for S. rolfsii isolates Sr1

and Sr3 and decreased at 35°C. However, for Sr2, the dry weight of 100
sclerotia was significantly higher at 25°C than at 30 and 35°C. Based on
pooled data of all the temperatures, the dry weight of 100 sclerotia
produced by Sr3 isolate, after incubation for 21 days on PDA, was
significantly higher than that of the two other isolates (Table 3).

Temperaturea

(°C)
Dry weight of 100 sclerotia
(mg)

Mean dry weight per
temperatureb

Sr1 Sr2 Sr3

25 47.93 a 55.33 a 80.34 a 61.2 a

30 47.01 a 36.08 b 74.38 a 52.48 b

35 28.61 b 20.83 c 34.22 b 27.89 c

Mean dry weight
per isolatec

41.18 b 37.41 b 62.98 a -

a Temperatures (25, 30 and 35°C)
b Mean dry weight of 100 sclerotia per temperature for the three isolates
combined
c Mean dry weight of 100 sclerotia per isolate for all tested temperatures
*LSD (Temperature × S. rolfsii isolates)=6.713 mg at p ≤ 0.05
*For the dry weight of 100 sclerotia of each isolate and for their mean per
temperature, values followed by the same letter are not significantly different
according to Duncan Multiple Range test (at p ≤ 0.05).

Table 3: Effect of temperature on the dry weight of 100 sclerotia of
three Sclerotium rolfsii isolates formed on PDA medium after 21 days
of incubation in the dark.

Effect on sclerotial germination: The germination of S. rolfsii
sclerotia, recorded after 24 h of incubation on PDA, varied
significantly (at p ≤ 0.05) depending on tested temperatures and S.
rolfsii isolates as well as their interaction (Figure 3).
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Figure 3: Effect of temperature on the sclerotial germination of
three Sclerotium rolfsii isolates recorded after 24 h of incubation on
PDA medium. LSD (Temperature × S. rolfsii isolates)=7.311% at p
≤ 0.05.

The optimum temperature range for sclerotial germination was
fixed at 25-35°C for all isolates tested. The percentage of sclerotial
germination was 62%-68%, 49%-70%, and 46%-58% lower at 20°C and
15°C, for Sr1, Sr2 and Sr3, respectively, and reached 100% after 72 h of
incubation (data not shown). Sclerotial germination was inhibited at
5°C, 10°C and 40°C, even after 72 h of incubation.

Effect of culture media on S. rolfsii growth and survival
Effect on radial mycelial growth: S. rolfsii isolates were able to grow

on all tested culture media. However, the rate of their radial growth,
recorded after 3 days of incubation at 30°C, varied significantly (at p ≤
0.05) depending on tested isolates and culture media. A significant
interaction was also noted between both fixed variables. For all S.
rolfsii isolates, optimal radial growth occurred on OAT medium
followed by CZA, MYEA and PDA (Table 4). SAB and YDA supported
also good radial growth of all isolates. The poorest mycelial growth was
recorded on NA for Sr1 and Sr2 isolates and on NA and WA for Sr3

(Table 4). Regardless the tested culture medium (pooled data of all
media), Sr2 was the fastest growing isolate. For all S. rolfsii isolates,
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morphological differences were detected among colonies, formed after
3 days of incubation at 30°C, on the different culture media (Table 4).
When grown on PDA and OAT, S. rolfsii developed cottony colonies

with abundant mycelium whereas on WA and CZA growth was thin
and scanty. Colonies formed on the other media (SAB, MYEA, YDA
and NA) developed sparse and flat mycelia (Table 4 and Figure 4).

Tested mediaa Mycelial growth (mm/day) Mycelial growth characteristics

Sr1 Sr2 Sr3 Mean mycelial
growth

per mediumb

Mycelial density Colony shape Mycelial texture

PDA 24.4 b 23.99 c 22.93 bc 23.77 c Abundant Regular Cottony

OAT 28.04 a 28.52 a 27.15 a 27.91 a Abundant Regular Cottony

MYEA 24.97 b 25.59 b 23.43 bc 25.07 b Moderate to abundant Regular Semi-cottony

CZA 24.94 b 25.19 b 24.64 b 24.52 b Poor Irregular Flat to semi-cottony

WA 21.52 d 23.11 d 17.74 de 20.79 e Extremely poor Regular Flat

SAB 22.14 c 21.79 e 21.47 c 21.8 d Moderate to abundant Regular Semi-cottony

YDA 19.61 e 20.77 f 18.78 d 19.72 f Moderate Regular Flat to semi-cottony

NA 15.92 f 17.82 g 16.59 e 16.78 g Moderate Regular Flat to semi-cottony

Mean mycelial
growth per
isolatec

22.69 b 23.35 a 21.59 c

a PDA: Potato Dextrose Agar; OAT: Oatmeal Agar; MYEA: Malt Yeast Extract Agar; CZA: Czapek dox Agar; WA: Water Agar; SAB: Sabouraud Chloramphenicol Agar;
YDA: Yeast Dextrose Agar; NA: Nutrient Agar.
b Mean radial mycelial growth per medium for the three isolates combined
c Mean radial mycelial growth per isolate for all media combined
*LSD (Culture media × S. rolfsii isolates) = 0.887 mm at p ≤ 0.05
*For the mycelial growth of each isolate and for their mean per medium, values followed by the same letter are not significantly different according to Duncan Multiple
Range test (at p ≤ 0.05).

Table 4: Radial mycelial growth and characteristics of three Sclerotium rolfsii isolates noted on eight culture media after 3 days of incubation at
30°C.

Figure 4: Colonies of Sclerotium rolfsii isolate Sr1 formed after 3
days of incubation at 30°C on different agar media. Note: PDA:
Potato Dextrose Agar; SAB: Sabouraud Chloramphenicol Agar;
CZA: Czapek Dox Agar; NA: Nutrient Agar; OAT: Oatmeal Agar;
YDA: Yeast Dextrose Agar; MYEA: Malt Yeast Extract Agar; WA:
Water Agar.

Effect on sclerotial formation and production: As indicated in Table
6,  WA  and  CZA were  the  most  suitable  culture media  for S. rolfsii
sclerotial formation as mature sclerotia became brownish at the 9th and
9-12th day of incubation, respectively. However, sclerotial development
was found to be very slow on NA and YDA and no dark brown
sclerotia were observed even after 21 days of incubation. On the other
media, such as PDA and MYEA, brown mature sclerotia were observed
only after 12-15 and 15-21 days, respectively (Table 6). Sclerotial
formation varied also among isolates. Indeed, for Sr2 and Sr3 isolates,
sclerotial initiation was observed after 6 to 9 days of incubation on
OAT and SAB and no mature sclerotia were formed even after 21 days,
while for Sr1 isolate dark brown sclerotia were produced at 15th day on
both media (Table 6). The average number of mature sclerotia,
produced per plate after 21 days of incubation, varied significantly (at
p ≤ 0.05) depending on media and isolates tested. A significant
interaction was noted between these two factors. As indicated in Table
5, the highest sclerotial yields were produced by Sr1 and Sr2 isolates on
PDA, followed by CZA, while Sr3 formed significantly more sclerotia
on CZA followed by PDA. When grown on SAB and OAT media, only
Sr1 produced mature sclerotia. All S. rolfsii isolates produced fewer
sclerotia when grown on WA and NA whereas YDA did not support
any sclerotial formation (Table 5). For all culture media combined
(pooled data of all media), Sr1 and Sr2 isolates produced significantly
more sclerotia than Sr3 isolate.
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Tested mediaa Number of sclerotia per plate Mean number of sclerotia per mediumb

Sr1 Sr2 Sr3

PDA 147.8 a 189.61 a 73 b 136.8 a

OAT 50.4 cd 0 d 0 d 16.8 d

MYEA 57.7 cd 70.2 c 45.2 c 57.7 c

CZA 131.6 b 105.6 b 108.5 a 115.23 b

WA 2.3 d 2.5 d 2.2 d 2.33 d

SAB 77.5 c 0 d 0 d 25.83 d

YDA 0 d 0 d 0 d 0 d

NA 0.9 d 1.2 d 0 d 0.7 d

Mean number of sclerotia produced per isolatec 58.67 a 46.14 a 28.61 b -

a PDA: Potato Dextrose Agar; OAT: Oatmeal Agar; MYEA: Malt Yeast Extract Agar; CZA: Czapek dox Agar; WA: Water Agar; SAB: Sabouraud Chloramphenicol Agar;
YDA: Yeast Dextrose Agar; NA: Nutrient Agar.
b Mean number of sclerotia per medium for the three isolates combined
c Mean number of sclerotia per isolate for all media combined
*LSD (Culture media × S. rolfsii isolates)=30.123 sclerotia at p ≤ 0.05
*For the number of sclerotia of each isolate and for their mean per medium, values followed by the same letter are not significantly different according to Duncan
Multiple Range test (at p ≤ 0.05).

Table 5: Sclerotial production of three Sclerotium rolfsii isolates on eight culture media noted after 21 days of incubation at 30°C.

Among the eight culture media tested for sclerotial production,
PDA, CZA and MYEA were assessed for their effect on sclerotial dry
weight. The dry weight of 100 sclerotia, produced per plate, was
significantly (at p ≤ 0.05) affected by culture media, isolates and their
interactions (Table 7).

Medium* Isolates Days after inoculation

First initials White
sclerotia

Dark
mature
sclerotia

PDA Sr1 3 9 15

Sr2 3 9 15

Sr3 3 9 12

OAT Sr1 3 9 15

Sr2 6 21 -

Sr3 6 21 -

MYEA Sr1 6 12 18

Sr2 6 12 15

Sr3 9 15 21

CZA Sr1 3 6 9

Sr2 3 9 12

Sr3 3 9 12

WA Sr1 - - 9

Sr2 - - 9

Sr3 - - 9

SAB Sr1 6 12 15

Sr2 9 21 -

Sr3 6 21 -

YDA Sr1 9 - -

Sr2 9 - -

Sr3 9 - -

NA Sr1 12 - -

Sr2 15 - -

Sr3 15 - -

*PDA: Potato Dextrose Agar; OAT: Oatmeal Agar; MYEA: Malt Yeast Extract
Agar; CZA: Czapek dox Agar; WA: Water Agar; SAB: Sabouraud
Chloramphenicol Agar; YDA: Yeast Dextrose Agar; NA: Nutrient Agar.

Table 6: Effect of culture media on sclerotial development of three
Sclerotium rolfsii isolates noted till 21 days of incubation at 30°C on
PDA medium and in the dark.

In fact, the dry weight of 100 sclerotia produced by Sr3 isolate was
highest on PDA than on CZA and MYEA, whereas both Sr1 and Sr2

isolates showed significantly comparable sclerotial dry weights on the
three media. Moreover, for the pooled data of all three culture media,
the maximum dry weight of 100 sclerotia was produced by Sr3 isolate
(Table 7).
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Tested
mediaa

Dry weight of 100 sclerotia
(mg)

Mean dry weight per
mediumb

Sr1 Sr 2 Sr3

PDA 47 a 36.08 a 74.37 a 52.48 a

MYEA 37.52 a 41.2 a 42.91 c 40.56 b

CZA 51 a 45.87 a 56.46 b 51.11 a

Mean dry
weight per
isolatec

45.17 b 41.07 b 57.91 a -

a PDA: Potato Dextrose Agar; MYEA: Malt Yeast Extract Agar; CZA: Czapek
dox Agar.
b Mean dry weight of 100 sclerotia per medium for the three isolates combined
c Mean dry weight of 100 sclerotia per isolate for all media combined
*LSD (Culture media × S. rolfsii isolates)=8.804 mg at p ≤ 0.05
*For the dry weight of 100 sclerotia of each isolate and for their mean per
medium, values followed by the same letter are not significantly different
according to Duncan Multiple Range test (at p ≤ 0.05).

Table 7: Dry weight of 100 sclerotia of three Sclerotium rolfsii isolates
produced on three culture media after 21 days of incubation at 30°C.

Effect on sclerotial germination: The germination of S. rolfsii
sclerotia, noted after 24 h of incubation at 30°C, occurred on all culture
media tested and varied significantly (at p ≤ 0.05) depending on
isolates used and culture media tested. A significant interaction was
also noted between both fixed factors. In fact, as indicated in Table 8,
optimal germination was recorded on PDA and MYEA media,
followed by YDA, for Sr1 isolate, while that of Sr2 was noted on OAT
and YDA, followed by MYEA, SAB, and WA. PDA, MYEA, OAT,
followed by CZA, WA, and YDA were the most favorable media for the
germination of Sr3 sclerotia. For all isolates tested, the lowest sclerotial
germination rate was observed on NA (Table 8).

Tested mediaa Sclerotial germination (%) Mean sclerotial
germination per
mediumb

Sr1 Sr2 Sr3

PDA 100 a 88 b 100 a 96 ab

OAT 90 bc 100 a 100 a 96.67 ab

MYEA 100 a 90 ab 100 a 96.67 ab

CZA 90 bc 96 ab 98 ab 94.67 ab

WA 84 c 94 ab 96 ab 91.33 b

SAB 90 bc 94 ab 92 b 92 b

YDA 96 ab 100 a 98 ab 98 a

NA 8 d 12 c 22 c 14 c

Mean sclerotial
number per
isolatec

82.25 b 84.25 b 88.25 a -

a PDA: Potato Dextrose Agar; OAT: Oatmeal Agar; MYEA: Malt Yeast Extract
Agar; CZA: Czapek dox Agar; WA: Water Agar; SAB: Sabouraud
Chloramphenicol Agar; YDA: Yeast Dextrose Agar; NA: Nutrient Agar.
b Mean sclerotial germination per medium for the three isolates combined

c Mean sclerotial germination per isolate for all media combined
*LSD (Culture media × S. rolfsii isolates)=5.335% at p ≤ 0.05
*For the sclerotial germination of each isolate and for their mean per medium,
values followed by the same letter are not significantly different according to
Duncan Multiple Range test (at p ≤ 0.05).

Table 8: Sclerotial germination of three Sclerotium rolfsii isolates on
eight culture media noted after 24 h of incubation at 30°C.

For the data of all culture media combined, the highest number of
germinated sclerotia was recorded for Sr3 isolate.

Discussion
S. rolfsii is a widespread serious pathogen on many economically

important crops. Several reports describing its morphological,
physiological and pathogenic characterization have been detailed from
different countries in the world. Furthermore, exhaustive
investigations on the effect of diverse environmental factors
influencing growth and survival of S. rolfsii such as temperature, soil
moisture, pH, and EC have been conducted. As soil temperature is one
of these important factors, the present study investigates the effect of
temperature on sclerotia formation, production and germination as
well as mycelial growth of three Tunisian isolates of S. rolfsii recovered
from potato and artichoke. The current study showed that all S. rolfsii
isolates were able to grow over a range of temperatures ranging
between 10°C to 35°C and no growth was observed at 5°C and 40°C.
Optimum radial and dry mycelial growth occurred at 30°C for all
isolates that showed also good growth at 25°C. These results are in
agreement with other studies reporting that optimum temperature for
mycelial growth and dry weight production was 30°C [27-29].
Furthermore, other authors also found that 25°C to 30°C was more
conducive for the vegetative growth of S. rolfsii [21-23]. In California,
this pathogen is most active at relatively warm temperatures ranging
between 27°C to 32°C [24]. Moreover, similar findings have been
reported where pathogen mycelial growth was shown to be rapid at
27°C-35°C [9,25]. However, in another work [30], growth of S. rolfsii
was maximum at 25°C but decreased significantly below 20°C and
above 35°C. Sclerotial initiation started on the 3rd day after incubation
at 30°C and 35°C, and mature sclerotia were observed after 15 and 6
days, respectively. All isolates were able to produce sclerotia between
25°C and 35°C. Sr1 showed optimal sclerotial production at 25°C,
which was significantly reduced when temperature increased up to
30°C and 35°C. For Sr2, sclerotial yield was significantly similar at
25°C-35°C. When grown at 35°C, the isolate Sr3 showed its maximum
production, which was significantly 4 times higher than that recorded
at 30°C and 25°C. After 21 days of incubation at 20°C, all S. rolfsii
isolates produced very few and scattered mature sclerotia. No mature
sclerotia were produced at 5°C, 10°C, 15°C, and 40°C. The effect of
temperature on sclerotium formation was also examined in other
previous studies [29,31] where the optimum temperature for the better
sclerotial production ranged from 20°C to 30°C with a maximum at
25°C and where pathogen failed to grow and to produce sclerotia at 10
and 40°C. Sclerotia were formed since 11 days of incubation at 28°C
with no variations detected in the number and size of the sclerotia
between isolates [32]. However, in the current study, the highest dry
weight of 100 sclerotia was recorded at 25 and 30°C for S. rolfsii
isolates Sr1 and Sr3 and decreased at 35°C. For Sr2, the dry weight of
100 sclerotia was significantly higher at 25°C than at 30°C and 35°C.
Furthermore, the optimum temperature range for sclerotial
germination, noted after 24 h of incubation on PDA medium, was
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fixed at 25°C-35°C for all three isolates tested and reached 100% after
72 h of incubation. However, sclerotial germination was inhibited at
5°C, 10°C, and 40°C, even after 72 h of incubation. In another study
[33], germination of sclerotia was nil at 8 and 40°C, and estimated at
50%-60% at 15°C-18°C and 80%-100% at 21°C-30°C. Other studies
also indicated that sclerotia may degrade rapidly at temperatures
exceeding 35°C [34]. As well as for temperature, the effect of culture
media on S. rolfsii growth and survival has been also investigated. In
the present study, the suitability of eight culture media was evaluated
for fungus growth at 30°C. For all S. rolfsii isolates, optimal radial
growth occurred on OAT medium followed by CZA, MYEA and PDA.
SAB and YDA supported also good radial growth of all isolates. The
poorest mycelial growth was recorded on NA for Sr1 and Sr2 isolates
and on NA and WA for Sr3. Previous studies also showed a similar
pattern, in that S. rolfsii preferred PDA medium for best growth,
followed by MYEA and CZA media [29,35]. Also, among solid media
tested for their effects on S. rolfsii growth, the highest growth was
observed on OAT, PDA and SAB media [28]. Moreover, culture media
had an effect on the cultural and morphological characters of S. rolfsii
isolates. In fact, when grown on PDA and OAT media, S. rolfsii
developed cottony colonies with abundant mycelium whereas on WA
and CZA, growth was thin and scanty. Colonies formed on the other
media (SAB, MYEA, YDA and NA media) developed sparse and flat
mycelia. All isolates differed in their mycelial dispersion and
appearance in Petri plates showing dispersed growth all over the plate
to aggregated fashion and their appearance was loose to dense cottony
with sparse or fluffy mycelium [36]. Fungal mycelium can adopt flat or
cottony type of mycelial growth, on the basis of availability of
nutrition, although it may differ between pathogen strains [37,38].
Microscopic examination of the fungal culture revealed the aerial
hyaline, thin walled, septate hyphae with profusely branched mycelium
showing clamp connections. When fungus attained maturity, small
mycelial knots were formed which later turned to mustard seed like
sclerotia which were deep brown or brownish black, shiny, hard and
spherical to irregular in shape [39]. Sclerotial initials were observed
from 3 to 9 days after inoculation on all media except NA. This finding
confirmed a previous study [40] reporting that the time required for
sclerotial initiation was between 4 and 9 days. Results showed that WA
and CZA were the most suitable culture media for S. rolfsii sclerotial
formation as mature sclerotia became brownish at the 9th and 9-12th

day after inoculation, respectively. However, sclerotial development
was found to be very slow on NA and YDA and no dark brown
sclerotia were observed even after 21 days of incubation. On the other
media, such as PDA and MYEA, brown mature sclerotia were observed
only after 12-15 and 15-21 days, respectively. The highest sclerotial
production was noted on Sr1 and Sr2 cultures grown on PDA, followed
by CZA, while Sr3 formed significantly more sclerotia on CZA
followed by PDA. Therefore, PDA, CZA and MYEA media were
assessed for their effect on sclerotial dry weight. Significantly higher
100 sclerotia dry weight was noted on Sr3 culture grown on PDA than
on CZA and MYEA, whereas both Sr1 and Sr2 isolates produced
significantly comparable 100 sclerotia dry weights on PDA, MYEA and
CZA media. Nevertheless, all S. rolfsii isolates produced fewer sclerotia
when grown on WA and NA whereas YDA did not support any
sclerotial formation. Various previous studies also demonstrated the
excellent sclerotial production on PDA medium [29,35]. The variation
of sclerotial production in different media may be attributed to their
nutritional factors [41,42]. The current study also demonstrated that,
among the eight culture media tested, optimal germination was
recorded on PDA and MYEA media, followed by YDA, for Sr1 isolate,
while that of Sr2 was noted on OAT and YDA media, followed by

MYEA, SAB and WA. PDA, MYEA, OAT, followed by CZA, WA and
YDA were the most favorable media for the germination of Sr3

sclerotia. For all isolates tested, the lowest sclerotial germination rate
was observed on NA.

Conclusion
This study determined the effect of some factors on different critical

stages of S. rolfsii life cycle: mycelial growth, sclerotial production and
germination. Although the in vitro studies reported here do not
directly simulate the conditions of the natural environment, the results
provide an insight to the likely behavior and growth of the pathogen in
soil. Further investigations are needed to examine the effect of other
selected environmental and nutritional factors on the development of
Tunisian phytopathogenic isolates of S. rolfsii. Such studies would
improve our understanding of the pathogen’s population dynamics in
soil, and help to implement effective disease control.
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