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Summary

Sclerotinia sclerotiorum is a phytopathogenic fungus attacking more than 400 plant species from 75
plant families. Yield losses caused by the pathogen can reach up to 100%. Under the conditions in
Bulgaria, S. sclerotiorum is a key pest in a number of industrial, vegetable and grain legume crops.
The present publication provides brief information regarding the distribution, symptomatology,

pathogenesis and control measures of the fungus.
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Sclerotinia sclerotiorum (Lib.) de Bary is a polyphagous pathogen attacking more than 400 plant species, mainly
dicotyledonous, from 75 plant families (Boland and Hall 1994). The fungus belongs to the phylum Ascomycota,
class Leotiomycetes. The pathogen has been reported in more than 100 countries in Europe, Africa, Asia, North
America, Central America and the Caribbean, Australia and New Zealand (Saharan and Mehta, 2008; Cohen,
2023). In Bulgaria, the pathogen is a key pest in a considerable number of industrial, legume and vegetable
crops. The damage caused by the fungus is related to the plant species, the resistance of the genotypes, the
organs that are attacked and the soil and climatic conditions, and varies widely, reaching up to 100%

(Vasconcellos et al., 2017; Rather et al., 2022).

Figure 1. Symptoms caused by Sclerotinia sclerotiorum in common bean

Diseases caused by Sclerotinia sclerotiorum bear different names depending on the host and the plant organs
that are attacked (Sclerotinia wilt, Sclerotinia rot, white rot, white mold, root rot, stem rot) (Steadman, 1983;
Bolton et al., 2006; Saharan and Mehta, 2008). The disease symptoms are easily recognizable, due to the
formation of white cottony mycelium on the surface of the infected tissues (Hossain et al. 2023). Initially, water-
soaked spots of different size and shape are formed on the affected tissues, which subsequently fade, and the

infected tissues die.
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Figure 1a. Symptoms caused by Sclerotinia sclerotiorum in sunflower (stem form)

Under humid conditions, white cotton-like mycelium accumulates on the affected tissues, which subsequently
compacts and forms black structures known as sclerotia (Fig. 1 and 1a). Sclerotia can also be formed inside the

infected organs.

Sclerotia are the main source of primary infection. The duration of their survival is influenced by factors such as
soil type, moisture and temperature, and their position in the soil. It has been established that under dry

conditions sclerotia can remain viable for a period of 7 to 10 years (Adams and Ayers, 1979).
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Figure 2. Formation of new sclerotia (arrows) on moistened filter paper.

An experiment conducted by us shows that placing sclerotia on moistened filter paper at 4°C for 40 days leads
to their mycelial development and the formation of new sclerotia (Fig. 2) (Zhecheva et al. 2024). These results

indicate that the fungus can increase its population in the absence of hosts.
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KAPMOTEHO
MHUENOrEHO

Figure 3. Life cycle of Sclerotinia sclerotiorum in sunflower

Infection of hosts follows two main scenarios (Fig. 3). Sclerotia located close to the root system or to plant
organs that are in contact with the soil germinate with mycelium (myceliogenic development), which superficially
colonizes the tissues while simultaneously producing oxalic acid (Hegedus and Rimmer, 2005; Hossain et al.,
2023). The oxalic acid produced suppresses the defense mechanisms of the cells while at the same time
increasing the efficiency of cell wall-degrading enzymes (CWDEs) (Hegedus and Rimmer, 2005). The second
scenario is related to the fungus entering a sexual cycle (carpogenic development), which leads to the formation
of fruiting bodies called apothecia (Fig. 4), from which a significant amount of ascospores is released (Hegedus
and Rimmer, 2005). Each apothecium can release up to 10 million ascospores within 7 days, which are carried
by air currents and transported over distances of 3—4 km. After landing on the flowers of plants, the ascospores
germinate and colonize the senescing organs (petals, sepals, pollen, etc.), after which they attack the adjacent

tissues. Infection is favored by wetting of plants for 16—48 h and a temperature of 12 to 24 °C. Most studies
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show that for sclerotia to enter carpogenic development, a preliminary conditioning of several months is
required, during which the sclerotia remain at a temperature of 0 to 5°C and high humidity (Sanogo and
Puppala, 2007). The presence of rainfall and an optimal temperature in the range of 20-25°C favors the
formation of apothecia and ascospores, but apothecia can also be formed at 5°C (Wu et al., 2008; Phillips, 198;
Sanogo and Puppala, 2007; Godoy et al., 2017) or 10—-15°C (Gupta and Singh, 2017). Only sclerotia located on

the soil surface or at a depth of 3-5 cm form apothecia (Godoy et al. 2017).

Figure 4. Initiation and formed apothecia in Sclerotinia sclerotiorum

The number of apothecia formed on a single sclerotium depends on its size and varies from a few to several
dozen. An experiment conducted by us under field conditions shows that sclerotia placed on the soil surface and
covered with plant residues from wheat and maize in October initiate apothecial formation at the end of March
(unpublished data). No initiation was detected in the variants without plant residues and with plant residues from
sunflower. These results indicate that the presence of plant residues on the soil favors the carpogenic

development of sclerotia due to maintaining high humidity.

Under the conditions in Bulgaria, Sclerotinia sclerotiorum exhibits predominantly myceliogenic development
(Saharan and Mehta, 2008; Genchev and Kiryakov 2002). This fact determines the strategy for control of the
pathogen. Crop rotation is a major preventive measure for control of the fungus (Saharan and Mehta, 2008). It is

recommended that in fields with proven development of the pathogen, crops that are hosts should not be grown
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for a period of 4-5 years. Observance of sowing dates and seeding rates can also limit the manifestation and
development of the pathogen. Earlier sowings of spring crops create conditions for the death of sprouts and
seedlings as a result of myceliogenic development of sclerotia (O’Sullivan et al., 2021). High seeding rates
create conditions for prolonged retention of moisture, which favors the formation of apothecia in cases of

carpogenic development of sclerotia (McDonald et al. 2013).

The use of resistant varieties or hybrids is considered the most efficient and effective measure for disease
control (Schwartz and Singh, 2013). Resistance to Sclerotinia sclerotiorum is quantitative in nature, which
complicates breeding for resistance (Genchev and Kiryakov, 2002; Schwartzand and Singh, 2013). For
example, resistance of sunflower hybrids is associated with the form of disease development — basal, stem and
head rot (Castafio et al., 1993; Van Becelaere and Miller, 2004; Davar et al., 2010). Our studies show that
hybrids possessing resistance to the stem form are susceptible to the basal form of the disease. In common
bean, two mechanisms of resistance are reported (Miklas et al., 2012; Schwartz and Singh, 2013). The first is
related to plant growth habit. Varieties with an upright plant habit prevent infection during flowering due to better
aeration of the crop and reduced humidity. At the same time, they position the aboveground organs (stems,
leaves and pods) at a height that prevents their contact with the soil surface, which prevents infection in cases of
mycelial development of sclerotia. The second resistance mechanism is related to anatomical features of the
plants that impede the penetration of the pathogen into the tissues. This resistance is known as physiological

(Griffiths, 2009; Miklas et al., 1999; Mkwaila et al., 2011; Pascual et al., 2010).

The use of fungicides is one of the most preferred approaches for controlling diseases in cultivated plants. With
regard to Sclerotinia sclerotiorum, the application of fungicides is justified when there is a risk of carpogenic
development of the pathogen, i.e. when plants are attacked during flowering (Peltier et al., 2012; Derbyshire and
Denton-Giles, 2016; O’Sullivan et al., 2021). Seed treatment with fungicides prevents infection in the early
stages of plant development (Peltier et al., 2012). In cases of direct attack on the aboveground biomass of

plants as a result of myceliogenic development of sclerotia, the application of fungicides is not effective.
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