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Abstract: Sclerotinia stem rot is one of the most devastating plant diseases on many crops and weeds world
over. Morphological diversity among Sclerotinia sclerotiorum populations are associated with the stem rot
of important crops, which includes lettuce, sunflower, cabbage, rape-seed, tobacco and soybean and artemisia.
The isolates varied in mycelium growth, size and number of produced sclerotial on Potato Dextrose Agar (PDA).
In spite of high variation among populations, there was no significant population subdivision among isolates
based on their hosts. Results of correlation studies revealed inverse and poor interaction between Mycelium
growth and size of sclerotia. These results might be because of wide-ranging pathogenicity  mechanisms of
S. sclerotiorum that cause to the lack of host specificity observed to date.
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INTRODUCTION those from Azarbaijan province that is located North

Sclerotinia sclerotiorum is one of the most important morphologic diversity among Sclerotinia sclerotiorum
and devastating soil borne pathogens with wide-spread populations  obtained   from  important  crops  in  Iran.
distribution [1, 2]. The fungus infects more than 500 The main objectives of the present study were to
cultivated and wild plant species [3] and causes identifying in vitro variation within and correlation
considerable damage to their host under congenial between morphologic characteristics of S. sclerotiorum,
environments. Annual yield losses due to its infection including Mycelium growth (MLG), size and number of
exceed over several hundred million dollars world over [2]. sclerotia.
Extensive crop damage, lack of high levels of host
resistance and the difficult management of diseases MATERIAL AND METHODS
caused by S. sclerotiorum have been the impetus for
research on this pathogen [4]. There are many studies on Fungal  Isolates:  The  sample  was  collected  during
the biology [1, 5], epidemiology [5-7], ecology [1], 2008-2009 from several crops viz. lettuce, sunflower,
pathogenicity [8, 9], morphology [9, 10, 11] and genetic cabbage;  rape-seed,  soybean  and   tobacco cultivated
structure or diversity [12-14] of S. sclerotiorum. High in  the  32  regions  of  Golestan  province.  Then,
diversity among S. sclerotiorum isolates based on sclerotia on plants with Sclerotinia rot symptoms were
morphologic characteristics such as number, size and randomly  collected.  Isolates  purified by single hyphal
shape  of   sclerotia,   mycelium   growth  rate  and  color tip  technique  [4].  Finally,  out  of  more than 400
of  the  colony  have  been reported in previous studies samples,  thirty isolates were selected based on their
[9-11, 15-17]. Very few studies exist on morphologic hosts and geographical distribution and used in the
variation of S. sclerotiorum isolates in Iran, particularly present study.

West of Iran [18]. This may be the first study on
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Measurement   of     Morphological   Characteristics:
The morphological characters were studied according to
the method suggested by Moral and colleagues [9].
Mycelial plugs of each isolate were taken from the
growing margins of colonies, which grown on PDA
(Merck; 39gr/1lit) for three days and transferred on to
fresh PDA with three replications. Cultures were
incubated at 21°C and under darkly continue condition.
Mycelium growth (mm), number of sclerotia and sclerotia
size (mm) measured after two, 14 and 14 days of
incubation, respectively.

Statistical Analysis: Data were analyzed by ANOVA
(Analysis of Variance) using Stat-Graphics program and
mean values were compared using Fisher's LSD multiple
range test (P 0.05). In order to examination of regression
between characteristics, Spearman's test was performed.
The cluster analysis was done for dividing host
populations into groups with similar characteristics using
nearest neighbor method.

RESULTS AND DISCUSSION

The morphologic characters as obtained in the study
were in accordance with the taxonomic keys [17], thus
confirming the identity of the fungus as S. sclerotiorum.
The analysis of variance (ANOVA) revealed significant
differences (P<0.05) among populations in all examined
morphologic characters (Table 1). Considerable variation
in morphology has been observed among isolates of S.
sclerotiorum [8, 9, 11]. The differences in morphologic
aspects among isolates or populations are attributed to
variations in fungal genetic, environment conditions and
presence of mycoviruses [4]. In our study, based on
mycelium growth, seven examined populations were
classified into four groups: very fast, fast, intermediate
and slow growing which have been described by previous
researchers [28]. The results revealed that the populations
of rape-seed and tobacco represented significantly very
fast and slow growing, respectively. Whereas artemisia
and cabbage populations were fast and sunflower, lettuce
and soybean showed intermediate Mycelium growth
(Table 2, Figure 1). These results are in accordance with
the findings of other studies which also found three three
homogenous groups among S. sclerotiorum isolates for
radial colony growth [10]. Regarding the number of
sclerotia produced by populations, three statistical
groups were identified. Populations of sunflower,
soybean, cabbage and lettuce ranked as the higher
producer of sclerotia, tobacco and rape-seed were
intermediate and  artemisia  showed  the  least   number  of

Table 1: Analysis of Variance for morphologic characteristics
Sum of

Source Squares Df Mean Square F- P-Valuecal

Main Effects
Mycelium growth (mm) 4326.49 239 114.7 8.62 0.0000
Sclerotia Size (mm) 276816. 2999 2102.29 25.39 0.0000
Sclerotia Number 6342.37 119 100.171 2.50 0.0276
All F-ratios are based on the residual mean square error

Table 2: Mean comparing of morphological characteristics among
hostpopulations using LSD method

Morphological characteristics
------------------------------------------------------------------------------

Host Mycellium Linear Growth Sclerotia Sizes Sclerotia Number
Artimisia 14.1034cd 31.403d 14.9372abc
Cabbage 13.9146c 24.48b 19.0083bc
Lettuce 11.2396ab 24.27b 15.4583ac
Rape Seed 15.6521d 24.204b 14.4583a
Soybean 12.3294bc 24.7411b 20.0427c
Sun Flower 12.5271bc 22.228a 20.0583c
Tobacco 9.95755a 27.17c 16.7219abc

Fig. 1: Morphological diversity among S. sclerotiorum
populations.

sclerotial formation (Table 2, Figure 1). Based on  the  size
of the sclerotium, population of artemisia had the biggest
sclerotia in diameter 31.49 mm. Populations of tobacco,
soybean, cabbage and  rape-seed  were  intermediate
while lettuce and sunflower showed least size of sclerotia
with 24.27 and 22.97 mm, respectively (Table 2, Figure1).
This is demonstrated that S. sclerotiorum isolates from
weeds had small sclerotia (0.3–0.5 cm) and were more
virulent than those from soybean with large sclerotia
(1.0–1.5 cm) [20]. Regression analysis was conducted
using spearman methods among the combinations of
sclerotia size, the number of sclerotia and mycelium
growth. Results indicate that out of above-mentioned
combinations, just sclerotia size and mycelium growth
were correlated together but this was generally poor
(R =0.309, p < 0.05) and inverse. The sprarman's2

coefficient was -0.317. The negative coefficient indicates
the  inverse   interaction   between   these   characteristics.
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Fig. 2: Regression between Mycelium growth and numerous loci, but knowledge of the basic genetic
Sclerotia Sizes of host populations. mechanisms is restricted in the most filamentous fungi

Fig. 3: Cluster diagram of seven S. sclerotiourm 69: 96-899.
populations for morphological characteristics. 2. Purdy, L.H., 1979. Sclerotinia sclerotiorum, History,

These results are not in accordance with another study geographical distribution and impact.
which revealed that the number and size of sclerotia Phytopathology, 69: 875-880.
formed at different temperatures are inversely correlated, 3. Boland, G.J. and R. Hall, 1994. Index of plant hosts of
while growth rate and sclerotium formation are positively Sclerotinia  sclerotiorum.   Can.   J.  Plant  Pathol.,
correlated [20]. Out of investigated regression models 16: 93-108.
involving exponential, linear, logarithmic, quadratic, power 4. Saharan, G.S. and N. Mehta, 2008. Sclerotinia
and moving average, the highest square regression Diseases of Crop Plants: Biology, Ecology and
coefficient (R  = 0.309) was represented to quadratic Disease Management: Springer Press.2

equation. So this equation was selected as the best-fit 5. Abawi, G.S. and R.G. Grogan, 1975. Source of primary
model between the two properties (Figure 2). inoculum and effects of temperature and moisture on

Finally, using cluster analysis as one of the infection of beans by Whetzelinia sclerotiorum.
classification methods  based  on  the  morphological data Phytopathology, 65: 300-309.
assigned that seven above-mentioned populations into 6. Boland, G.J., 1987. Hypovirulence, debilitation and
three clusters (Figure 3). Distance estimates based on double-stranded RNA in Sclerotinia sclerotiorum.
three morphological characteristics ranged from 0.42 to 2.7 Phytopathology, 77: 1316.
with an average of 1.47. The first cluster includes 7. Saito, I., 1997. Sclerotinia nivalis sp. nov. the
population of Artemisia, while second cluster divided into pathogen of snow mold of herbaceous dicots in
two subgroups; the first includes cabbage, soybean and northern Japan. Mycoscience, 38: 227-236.
sunflower and second involves lettuce and rape-seed 8. Marciano, P., P. Di Lenna and P. Magro, 1983. Oxalic
populations. The last cluster includes populations of acid, cell wall-degrading enzymes and pH in
tobacco. In spite of high morphological variation among pathogenesis and their significance in the virulence
populations of S. sclerotiorum, there was no significant of two Sclerotinia sclerotiorum isolates on
population subdivision among isolates based on their sunflower. Physiology of Molecular Plant Pathology,
hosts,  suggesting   that   there   are   no   morphologically 22: 339-345.

defined  subgroups.  This  result  is  accordance  with the
findings of another research in Iran which study on
pathogenicity  variation  and mycelial compatibility
groups  in  S.sclerotiorum  obtained  from sunflower
fields. This mentioned study revealed that mycelia
compatibility groups among  S.  sclerotiorum  isolates,
which not related to morphological characteristics. [18].
Mycelial (vegetative) compatibility or incompatibility is a
self or non-self recognition system regulated by

[21]. Obtained results  might be because S. sclerotiorum
possesses wide-ranging pathogenicity mechanisms that
account for the lack of host specificity observed to date.
Additionally investigations comparing genetics and
virulence across populations from various host species
growing in close geographical proximity would be of
interest.
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