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Abstract

The effect of granulated organic waste material overgrown with Trichoderma atroviride
TRS25 on the survival of Sclerotinia sclerotiorum and Chalara thielavioides in the soil was
investigated. Application of this material into the soil at a dosage of 1% (w/v) reduced the
survival of S. sclerotiorum sclerotia to almost zero after 2 months of incubation. The sclerotia were parasitized by T. atroviride fungus multiplied on granulates. The detrimental
effect of granulates on Ch. thielavioides was observed after 4 months of incubation. The
granulates, with Trichoderma and without the fungus, caused a decrease of the pathogen
population in soil. Trichoderma atroviride introduced into the soil as a conidia suspension
did not decrease the amount of Ch. thielavioides but the fungus parasitized S. sclerotiorum
sclerotia. After the addition of granulated waste material, an increase of bacteria, especially
the Pseudomonas group in the soil was observed.
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Introduction
The application of intensive methods of plant cultivation leads to the accumulation of harmful microorganisms and resting propagules of pathogens in the
soil, which affects economically important plant species. The fungi Sclerotinia sclerotiorum (Lib.) de Bary
and Chalara thielavioides (Peyr.) Nay Raj & Kendrick
(Weber and Tribe 2004) belong to soilborne pathogens
which produce long-lived survival forms, sclerotia and
chlamydospores, which are difficult to eradicate and
restrict the productivity of horticultural crops.
Sclerotinia sclerotiorum is the causative agent of white
mold on more than 400 plant species. The disease is
one of the main causes of yield losses of many vegetables, e.g. carrot, lettuce, parsley and bean (Kora et al.
2005; Johnson and Atallah 2014). On diseased plants
the pathogen forms white, fluffy mycelium. Later, after
several days black, irregular sclerotia are produced.
The fungus Ch. thielavioides is a common and important soil pathogen that causes damping of seedlings

and black root rot of many crops (Agrios 2005). Infected plants develop black root rot and become stunted,
chlorotic, and produce reduced yields of low quality.
Black root rot is due to dark-colored chlamydospores
produced by the fungus on the infected roots (Kowalska and Smolińska 2003). The disease is especially dangerous during carrot storage. The symptoms typically
develop after the carrots have been washed, packaged
in plastic and stored. The tissue wounds caused by
postharvest brushing of carrots increased disease incidence, whereas avoiding the brush process often eliminated the development of black root rot disease during storage and post-storage shelf-life (Paulin-Mahady
et al. 2002; Weber and Tribe 2004).
Currently the chemical or biological methods which
are being used for the eradication of S. sclerotiorum and
Ch. thielavioides from soil are not effective enough. One
of the most effective ways to decrease the amount of
S. sclerotiorum sclerotia in soil is the degradation
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of sclerotia by fungal antagonists. Intense studies have
been conducted on the parasitic fungus Coniothyrium
minitans (McQuilken et al. 1995; Zeng et al. 2012).
Contans WG, a commercial formulation of C. minitans (strain CON/M/91-08), is known for its ability
to reduce damage caused by S. sclerotiorum in several
crops by infecting and degrading sclerotia in the soil
(McQuilken and Chalton 2009). Among many reports
concerning the activity of antagonists against S. sclerotiorum, the genus Trichoderma has also been extensively studied in the biocontrol of this pathogen. The
potential control of soilborne diseases with Trichoderma spp. has raised considerable research interest in
recent years (Matroudi et al. 2009; Druzhinina et al.
2011; Hermosa et al. 2012; Geraldine et al. 2013; Aleandri et al. 2015; Shafique et al. 2016). Searching for
new control methods is important. One possible method could be using antagonistic microorganisms multiplied on organic carriers (Köhl et al. 2011; Smolińska
et al. 2014a; Smolińska et al. 2014b; Smolińska et al.
2016). The following species: T. virens, T. atroviride
and T. harzianum introduced into the soil on organic
carriers significantly reduced the S. sclerotiorum population (Smolińska et al. 2016). In this antagonistic
fungus mycoparasitism is the main mechanism of biocontrol activity. The effective production of hydrolytic
enzymes degradating pathogen cell walls e.g. chitinase,
glucanase, N-acetylglucosaminidase and protease is
a key step in the successful establishment of a mycoparasitic relationship (Geraldine et al. 2013; Monfil
and Casas-Flores 2014; Khaledi and Taheri 2016).
In the literature there are not any reports about the
influence of Trichoderma spp. on the Ch. thielavioides
population in a soil environment. However, biological
methods for control of the pathogen are being considered (Eshel et al. 2009).
The fungi Trichoderma are living organisms which
are dependent on many biological, physical and chemical factors which cause the biological effects of the fungi
to be variable. Using organic material as carriers of Trichoderma could improve the survival of the antagonist
in the soil. Organic waste materials and by-products
from the agro-food processing industry can be used as
carriers (Kancelista et al. 2013; Smolińska et al. 2014a;
Smolińska et al. 2014b; Smolińska et al. 2016).
Biological control using antagonistic microorganisms provides great promise for the future management
of diseases caused by soilborne pathogens because of
their non-toxicity to humans and the environment
(Köhl et al. 2011; Saraf et al. 2014; Hamza et al. 2016).
However, this type of control shows reduced efficacy,
especially when pathogen inoculum density is high.
One reason for this situation is that soil represents
a complex ecological niche, where a huge number of
biological interactions occur between plants, bacteria,
fungi and other organisms. Each organism struggles to

survive in this highly competitive environment. The
introduction of Trichoderma on organic carriers which
serve as a source of food, should improve adaptation of
the fungus to new conditions.
The aim of this work was to determine if selected
Trichoderma atroviride TRS25 isolate with high chitynolitic activity, introduced into the soil on granulated
waste material as an organic carrier, would reduce
S. sclerotiorum sclerotia and Ch. thielavioides populations in the soil.

Materials and Methods
Microorganisms
The isolate T. atroviride TRS25 was obtained from the
collection of the Microbiology Laboratory, Research
Institute of Horticulture, Skierniewice, Poland. The
morphological identification was confirmed by molecular classification carried by DNA barcoding, based on
the sequences of ITS1 and ITS2 of the ribosomal RNA
gene cluster and on the sequences of translation elongation factor 1 alpha (tef1), chitinase 18–5 (chi18–5),
and RNA polymerase II subunit (rpb2) gene fragments
(Oskiera et al. 2015). The isolate was kept frozen in
glycerol at –80°C until use.
Sclerotinia sclerotiorum fungus was isolated from diseased lettuce and deposited in the Microbiology Laboratory collection. Production of sclerotia was conducted
according to the method with sliced carrots of Knudsen et al. (1991). Plugs of fungal mycelium growing on
potato dextrose agar (PDA, Merck) were transferred to
1 dm3 flasks with sterilized sliced carrots. After 4 weeks
of incubation at 25°C the sclerotia were harvested, rinsed
with tap water and dried at room temperature.
Chalara thielavioides fungus deposited in the Microbiology Laboratory collection, was earlier isolated from
diseased carrot roots. In this experiment the fungus was
cultivated on PDA medium. After 7 days of incubation
at 25°C, mycelium with spores from one Petri plate were
scraped from the surface of the medium, suspended in
50 ml of sterile water and mixed in a blender.

Production of TRS25 on organic carrier
The production of the carrier was conducted according to patent application No. P.409340. The carrier was
composed of organic waste materials – apple, strawberry, aronia, raspberry and currant pomaces. The materials were obtained from a factory producing fruit juices
(Agropol Company, Potycz, Poland). The components
were added at the proportion 1 : 1 : 1 : 1 : 1 (v/v), and
0.2 dm3 tap water to 5 dm3 mixture was added. The
mixture was mixed and granulated in a granulator
(P-300 Protechnika, Lukow, Poland). The granulates
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were dried for about 10 days at 20–22°C and kept in
plastic, perforated bags until use.
The spores of T. atroviride TRS25 were produced
on PDA medium (Merck) on Petri plates. After 7 days
of incubation at 25°C, mycelium with spores from one
Petri plate were scraped from the surface of the medium and suspended in 50 ml of sterile water and mixed
in a blender. The number of spores was counted with
a hemocytometer under a light microscope (Olympus). Twenty-five ml of the suspension at the density
1 × 107–108 spores ⋅ ml–1 and 750 ml of water were added to 5 dm3 of granulates. The granulates were incubated 18 days at room temperature. After this period
1 g of granulates contained about 109 cfu of T. atroviride TRS25.

Pot experiments
The experiments were conducted in plastic pots containing 10 dm3 of raw sandy-loam soil (pH 7.3; salinity
0.32 g NaCl ⋅ l–1; N.NO3 – 53; P – 64; K – 107; Mg – 131;
Ca – 2,090 mg ⋅ l–1 of soil). The soil was acquired from
a conventional farm which grew crops. The following
treatments were prepared:
1. Control (C) – soil without S. sclerotiorum and Ch.
thielavioides.
2. Soil infested with S. sclerotiorum and Ch. thielavioides (P).
3. Soil + granulates without T. atroviride TRS25 (G).
4. Soil + granulates + S. sclerotiorum and Ch. thielavioides (G + P).
5. Soil + granulates overgrown with T. atroviride
TRS25 + S. sclerotiorum and Ch. thielavioides (G +
+ TRS + P).
6. Soil + T. atroviride TRS25 suspension + S. sclerotiorum and Ch. thielavioides (TRS + P).
The treatments with pathogens contained S. sclerotiorum sclerotia and Ch. thielavioides inoculum. The
S. sclerotiorum sclerotia were placed in 5-pocket nylon
bags, one sclerotium/one pocket. Four bags were buried in each pot. Three ml of Ch. thielavioides suspension were added at the density 1 × 107spores ⋅ ml–1 per
1 dm3 of soil.
The granulates were added to the soil at a concentration of 1% (w/v). Granulates were overgrown with
T. atroviride TRS25 or without this isolate. Additionally,
a treatment with Trichoderma fungi, without organic
material was prepared. The T. atroviride TRS25 fungus
grew on PDA medium. After 7 days of incubation the
suspension of spores was prepared at the density
1 × 108 ⋅ ml–1. One ml of the spore suspension was added per 1 dm3 of the soil used in the pot experiment.
The pots were slightly covered with plastic foil to
avoid drying and incubated for 6 months at room temperature. One treatment was prepared in three replications. The experiment was repeated.
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Evaluation of Sclerotinia sclerotiorum
sclerotia survival and Chalara thielavioides
population in soil
The survival of S. sclerotiorum sclerotia was evaluated after 2 months of incubation. The bags were
carefully removed from the soil and washed under
running water. The sclerotia were taken from the
pockets, counted, sterilized in 70% ethanol for 3 min,
rinsed in distilled sterile water and placed separately
on Petri plates (5 cm diameter) with PDA medium
supplemented with antibiotics: streptomycin and
rifampicin. After 8 days of incubation at 25°C the
“healthy” sclerotia were counted. The sclerotia were
able to produce a mycelium forming new sclerotia of
S. sclerotiorum. Also, the number of sclerotia colonized by Trichoderma was counted.
The population of Ch. thielavioides in the soil
was evaluated using carrot slices (discs) according
to Kowalska and Smolińska (2003). The test was
conducted three times: after 2, 4 and 6 months of
incubation. Three doses of soil, 200 ml each, taken
from each pot were placed into three Petri plates
(18 cm diameter). Ten slices of carrots were placed
on the soil surface of each plate. The slices were
earlier sterilized in 70% ethanol and rinsed in distilled sterile water. The Petri plates were incubated
at 24°C for 10 days. Then the slices were observed
carefully. A carrot slice was classified as infected by
Ch. thielavioides when black mycelium of Ch. thielavioides was observed. The mycelium isolated from
the infected slices was observed under a microscope
(Olympus) to confirm Ch. thielavioides identification. In this case the characteristic chlamydospores
were observed.

Evaluation of Trichoderma propagules
and other microorganisms in the soil
The analyses of microbial populations in the soil
were conducted by a serial dilution method after
4 months. An aliquot of 100 µl each of dilution of soil
sample was distributed on selective media. The following media were used: soil extract agar for evaluation of the total bacteria (Dhingra and Sinclair 1995);
Gould medium (Gould et al. 1985) for fluorescent
Pseudomonas enumeration; and Rose Bengal medium
(Martin 1950) for Trichoderma fungi. The number of
microorganisms was expressed as a number of colony
forming unit (cfu) ⋅ g–1 of soil dry weight.

Data analysis
Significance of differences between means was established by one-way analysis of variance and the Newman-Keuls test at p < 0.05.

208

Journal of Plant Protection Research 57 (3), 2017

Results and Discussions

aronia, raspberry and currant). These by-products represent an important source of many biologically active
compounds such as phenolic compounds and organic
acids which have a wide range of activities e.g. antimicrobial (Djilas et al. 2009). Their activity depends
on several physical, chemical and biological processes
taking place in the soil (Gamliel et al. 2000; Bonanomi
et al. 2010; Bonanomi et al. 2013).
Significant differences were observed in the treatments with S. sclerotiorum. Of the studied treatments

Infected slices [%]

Infected slices [%]

Infected slices [%]

The management of some soilborne diseases is especially difficult because of the presence of survival
structures (sclerotia, chlamydospores), which are very
resistant and difficult to eradicate from the environment. Therefore, preventing their growth through
the reduction or elimination of primary inoculum is
essential for lowering disease incidence and severity.
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et al. 2014a; Smolińska et al. 2014b). Also studies conducted by Huang et al. (2005) showed that amending
soil with a mixture of organic materials and biocontrol agent T. virens, enhanced the antagonistic effect of
Trichoderma on plant pathogens. Mahdizadehnaraghi
et al. (2015) observed that antagonistic fungi based bioformulations which contained the organic carrier were
more effective in the control of white rot disease than
those that contained the inorganic carrier.
The microbiological analysis of soil conducted after 4 months of incubation showed that the addition
of granulated organic wastes had a positive influence
on the population of microorganisms. In particular, an
increase of the total number of bacteria was observed
(Fig. 3B). The population of Pseudomonas was also
higher in these treatments than in the treatments without organic waste material (Fig. 3C). Granulates added
to the soil are good nutrient sources and are conducive
to the growth and diversity of microbial communities. The positive effect of organic amendments on the
growth and diversity of antagonistic microorganisms
e.g. Pseudomonas, Bacillus, Streptomyces is well known
(Scotti et al. 2015). These microorganisms increase the
soil suppressiveness and often decrease the development of pathogens (Gamliel et al. 2000; Gilardi et al.
2016).
In conclusion, granulated waste materials composed of fruit pomaces overgrown with T. atroviride
TRS25 and also without the antagonist could be used to
eradicate the survival forms of plant pathogens Ch. thielavioides and S. sclerotiorum.
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