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Ganoderma lucidum i Pleurotus ostreatus w testach  
na antagonistyczne oddziaływanie wobec patogenicznych  
grzybów i bakterii dla roślin pomidora 

Ganoderma lucidum and Pleurotus ostreatus in tests  
for antagonistic effects against fungal and bacterial pathogens  
for tomato plants 

Weronika Zenelt*, Katarzyna Sadowska , Sylwia Stępniewska-Jarosz , Natalia Łukaszewska-Skrzypniak,  
Natasza Borodynko-Filas ,,

Streszczenie
Grzyby wielkoowocnikowe, takie jak Ganoderma lucidum i Pleurotus ostreatus, znane są z właściwości prozdrowotnych i wartości kuli-
narnej. Badano ich zdolność do hamowania wzrostu patogenicznych grzybów i bakterii roślin pomidora. Ganoderma lucidum i P. ostre-
atus efektywnie hamowały wzrost Alternaria solani i Botrytis cinerea. Obserwowano również ograniczone hamowanie wzrostu bakterii, 
z największym efektem dla Clavibacter michiganensis subsp. michiganensis pod wpływem G. lucidum oraz dla Pseudomonas syringae 
pod wpływem P. ostreatus. To pierwsze doniesienie o antagonistycznym działaniu P. ostreatus na patogeny bakteryjne roślin pomidora. 
Przeprowadzone badania mogą przyczynić się do opracowania ekologicznych strategii kontroli zakażeń roślin pomidora, minimalizując ich 
negatywne skutki dla środowiska i zdrowia ludzkiego.

Słowa kluczowe: grzyby patogeniczne, bakterie patogeniczne, choroby pomidora, działanie antybakteryjne, kontrola biologiczna, grzyby 
wielkoowocnikowe

Abstract 
Large fruiting body fungi, such as Ganoderma lucidum and Pleurotus ostreatus, are known for their health benefits and culinary value. 
Their ability to inhibit the growth of pathogenic fungi and bacteria in tomato plants has been investigated. Both G. lucidum and P. ostrea-
tus effectively inhibited the growth of Alternaria solani and Botrytis cinerea. Limited inhibition of bacterial growth was also observed, 
with the greatest effect on Clavibacter michiganensis subsp. michiganensis under the influence of G. lucidum and on Pseudomonas 
syringae under P. ostreatus. This is the first report of P. ostreatus antagonistic action against bacterial pathogens of tomato plants. Our 
research may contribute develop to ecological strategies for controlling tomato plant infections, minimizing their negative environmental 
and human health effects.
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Wstęp / Introduction

Macroscopic fungi, commonly referred to as macromycetes, 
constitute a diverse and artificial group of fungi that give 
rise to large fruiting bodies visible to the naked eye. These 
mushrooms exhibit a variety of shapes, characterized by 
a rich array of colors, smells, and flavors. In contrast, micro-
scopic fungi (micromycetes) primarily serve as subjects of 
microbiological and phytopathological research (Moradali 
et al. 2007). Currently, approximately 10,000 mushroom 
species are known, with around 300 recognized as medici-
nal due to their beneficial properties (Rezghi Jahromi and 
Mozafary 2021). Some of these mushrooms have been uti-
lized in traditional therapies since as early as 3000 BC, par-
ticularly in China, Japan, Korea, and among Slavic peoples 
(Moradali et al. 2007; Rezghi Jahromi and Mozafary 2021). 
Numerous studies support the production of biologically 
active substances by these fungi (De Silva et al. 2012; Kru-
podorova et al. 2016; Pala et al. 2019; Sharma et al. 2019; 
Seweryn et al. 2021; Mustafin et al. 2022; Saludares et al. 
2023). They serve as a reservoir of valuable nutrients, in-
cluding amino acids, glycopeptides, carbohydrates, amino 
sugars, sugar acids, polysaccharides, glycophene, ß-glucan, 
vitamins, unsaturated fatty acids, and ascorbic acid. Ad-
ditionally, they are rich sources of minerals such as potas-
sium, phosphorus, sodium, calcium, magnesium, copper, 
zinc, and iron (Atri et al. 2013; Younis et al. 2015; Bhardwaj 
et al. 2020; Raman et al. 2021; Lesa et al. 2022). While 
these fungi hold potential for health-promoting applica-
tions, there is a growing interest in exploring their use for 
plant protection against pathogens. The escalating concern 
surrounding chemical plant protection products, including 
fungicides and antibiotics, and their adverse impact on the 
environment and human health underscores the need for al-
ternative strategies to combat crop pathogens.

Tomato (Solanum lycopersicum L.) stands as one of the 
most cultivated vegetables globally. According to FAO-
STAT, the global production in 2021 reached approximately 
189,133,955 tons (FAOSTAT 2021). Despite its prominence, 
tomato cultivation is often susceptible to diseases caused by 
fungal and bacterial pathogens. Notably, phytopathogenic 
fungi such as Alternaria solani (Chaerani and Voorrips 
2006; Fritz et al. 2006; Kumar et al. 2013; Attia et al. 2020), 
Botrytis cinerea (Williamson et al. 2007; Ge et al. 2015; Jin 
and Wu 2015; Wakeham et al. 2016) and Fusarium oxyspo-
rum (Takken and Rep 2010; McGovern 2015; Srinivas et al. 
2019) pose significant threats. Additionally, we focused on 
one of the most detrimental bacteria in tomato crops Cla-
vibacter michiganensis subsp. michiganensis (Gartemann 
et al. 2003; Mansfield et al. 2012; Valenzuela et al. 2018), as 
well as less harmful Pseudomonas syringae (Kozik and So-
biczewski 2000; Buell et al. 2003; Zhao et al. 2003) and the 
lesser-known Pseudomonas viridilivida (Zenelt et al. 2021). 

Ganoderma lucidum and Pleurotus ostreatus, the spe-
cies selected for this study, are well-established members 

of the macro fungi category. Ganoderma lucidum, com-
monly known as reishi, is renowned for its diverse array of 
bioactive chemical compounds. Numerous studies indicate 
that G. lucidum extracts exhibit antimicrobial activity, in-
fluencing the growth of pathogenic microorganisms, both 
for plants (Shahid et al. 2016; da Cruz et al. 2019; Robles- 
-Hernández et al. 2021) and for animals and humans (Grys 
et al. 2011; Kamble et al. 2011; Rezghi Jahromi and Moza-
fary 2021; Mustafin et al. 2022). Pleurotus ostreatus, also 
recognized as the oyster mushroom, is a popular edible spe-
cies with ongoing research into its antifungal and antibacte-
rial properties (Kumar and Yadav 2014; Owaid et al. 2015; 
Younis et al. 2015; Parola et al. 2017; El Domany et al. 2018; 
Gashaw and Getu 2021; Ianni et al. 2021). However, there is 
limited information regarding their activity against bacterial 
pathogens affecting plants. Most researchers have primarily 
focused on bacteria pathogenic to humans (Vamanu 2013; 
Al-Bahrani et al. 2017; Gashaw et al. 2020; Waktola and 
Temesgen 2020; Lesa et al. 2022). 

The objective of this study was to explore the antago-
nistic impact of selected macrofungi, G. lucidum and P. os-
treatus, on well-known and prevalent pathogenic fungi in 
tomato crops: A. solani, B. cinerea, and F. oxysporum. Ad-
ditionally, we investigated the influence of these macrofun-
gi on pathogenic bacteria, namely C. michiganensis subsp. 
michiganensis, P. syringae, and P. viridilivida, commonly 
found in tomato crops. To our knowledge, this is the first 
test for the antagonistic effect of P. ostreatus mycelium on 
tomato pathogenic bacteria.

Materiały i metody / Materials and methods

Izolaty grzybów wielkoowocnikowych / Macrofungi 
samples
The strains of two macrofungi were obtained from the col-
lection of the Bank of Plant Pathogen of the Institute of Plant 
Protection – National Research Institute in Poznań (Poland). 
The following fungal strains were used: G. lucidum (acces-
sion no. 2480) and P. ostreatus (accession no. 2481). Mush-
rooms were grown on potato dextrose agar (PDA Difco™, 
Becton Dickinson and Company) for 7 days at 24°C until 
mycelium grew over the entire surface of the Petri dish.

Izolaty grzybów patogenicznych / Pathogenic fungal 
samples
Three strains of tomato plant pathogenic fungi were ob-
tained from the collection of the Bank of Plant Pathogen of 
the Institute of Plant Protection – National Research Insti-
tute in Poznań (Poland). The following fungal strains were 
used: A. solani (accession no. 2046), B. cinerea (accession 
no. 2235) and F. oxysporum (accession no. 2029). The fungi 
were grown on potato dextrose agar (PDA Difco™, Becton 
Dickinson and Company) for 7 days at 24°C until spore for-
mation.
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Izolaty bakterii patogenicznych / Pathogenic bacteria 
samples
Three strains of tomato plant pathogenic bacteria were ob-
tained from the collection of the Bank of Plant Pathogen 
of the Institute of Plant Protection – National Research In-
stitute in Poznań (Poland). The following bacterial strains 
were used: C. michiganensis subsp. michiganensis (acces-
sion no. 2457), P. syringae (accession no. 2146) and P. viri-
dilivida (accession no. 2484). Bacteria were grown on soy 
agar (TSA, Sigma Aldrich Company Ltd.) and incubated for 
24 hours at 24°C.

Identyfikacja izolatów grzybowych i bakteryjnych / 
Fungi and bacteria samples identification
Selected isolates of macrofungi and pathogenic fungi were 
identified molecularly and morphologically. For molecular 
identification a pair of primers ITS4 (5’-TCCTCCGCT-
TATTGATATGC-3’) and ITS5 (5’-GGAAGTAAAAGTC-
GTAACAAGG-3’) were used (Bertini et al. 1999; Vancov 
and Keen 2009). DNA was isolated from pure fungal strains 
using a kit from Norgen Biotek Corp. (Ontario, Canada) 
according to manufacturer’s instructions. Two microliters 
of product was the template in the PCR performed using 
GoTaq® Green Master Mix (Promega, Madison, Wisconsin, 
USA). The reaction profile was: 5 min – 94°C, 32 cycles of 
15 s – 94°C, 15 s – 56°C and 40 s – 72°C, with final elonga-
tion 7 min – 72°C. The appropriate size of the obtained PCR 
products was verified on 1% agarose gel and sequenced by 
an outsourced company (Genomed S.A., Warsaw, Poland). 
Obtained nucleotide sequences were aligned using BioEdit 
software (v. 7.2) (Hall 1999) to obtain consensus sequences. 
Each consensus sequence was made out of three sequencing 
reads. Next, the consensus sequences were identified using 
BLAST tool (https://blast.ncbi.nlm.nih.gov/), and deposited 
in the GenBank database (http://www.ncbi.nlm.nih.gov/). 
The morphological and microscopic characterization of se-
lected isolates was carried out based on the identify fungi 
guide.

Selected bacterial isolates were identified biochemi-
cally, using the BIOLOG® Gen III system (v. 2.8 database) 
(BIOLOG®, Hayward, USA) according to manufacturer’s 
instructions.

Interakcja grzybni grzybów wielkoowocnikowych  
z grzybami patogenicznymi / Macrofungi mycelium  
and pathogenic fungi interaction 
The antagonistic effect of selected macrofungi against se-
lected pathogenic fungi to tomato was assessed on the ba-
sis of the dual culture test (Asif et al. 2022). Agar discs of 
6 mm diameter were cut from the edge of the clean PDA 
medium (1 cm from the edge of the plate), and replaced with 
a disc from the previously cultivated pathogenic fungus. At 
the same time, a culture disc of a macrofungus of 6 mm 
diameter was placed in the center of the dish. The dishes 

were incubated at 28°C for 8 days. The antagonistic effect 
was measured after 4, 6 and 8 days of incubation based on 
the growth rate of the pathogenic fungus colony [mm] to-
wards the macrofungus (T) and based on the growth radius 
of the pathogenic fungus colony on the control plate (C).

Interakcja grzybni grzybów wielkoowocnikowych  
z bakteriami patogenicznymi / Macrofungi mycelium 
and pathogenic bacteria interaction
The antagonistic effect of selected macrofungi against se-
lected pathogenic bacteria to tomato was assessed on the 
basis of the Weller’s method (Weller et al. 1985). Two 6 mm 
diameter agar discs were cut opposite each other in a petri 
dish with sterile PDA medium. A sterile disc was collected 
from a 7-day culture of the macrofungus and then placed in 
one of the wells, next plates were incubated for 48 hours at 
24°C. After 48 hours, a disk of pathogenic bacteria was col-
lected from the 24-hour culture and then placed in the sec-
ond well opposite the previously inoculated macrofungus. 
The dish was incubated at 24 degrees (Ofodile et al. 2011). 
The antagonistic effect was measured after 3, 5 and 7 days 
of incubation based on the growth rate of the pathogenic 
bacterial colony [mm] in the dual culture (T) and based on 
the growth radius of the pathogenic bacterial colony on the 
control plate (C).

The macrofungus – pathogenic fungus combination was 
measured one day later due to the longer growth of the fungi 
compared to the bacteria.

Procentowe zahamowanie rozrostu wybranych pato-
genicznych grzybów i bakterii / Percentage inhibition  
of radial growth of chosen pathogenic fungi and bacteria
The results were converted into percentage inhibition of 
colony growth of both pathogenic fungi and bacteria. PIRG 
(percentage inhibition of radial growth) (Owaid et al. 2015; 
Sonawane et al. 2015) was calculated from the formula:

PIRG (%) = 𝐶𝐶−𝑇𝑇𝐶𝐶  × 100, 

 
where:
C – control colony growth diameter (pathogenic fungus / 

pathogenic bacteria),
T – colony growth diameter of pathogenic fungus / bacteria 

in dual culture.
The average value of the measurements was taken for 

the calculations.

Analiza statystyczna / Statistical analysis
The variables in each group were described by the arithme-
tic mean ± standard deviation. The groups were compared 
using ANOVA for independent variables. The post-hoc 
analysis was performed. To indicate significant differences 
of data the LSD Tukey test (least significant difference) was 
performed. The significance level was 0.05. Differences at 
p < 0.05 were considered to be significant. Five replicates 
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were used in the experiment for each combination. The cal-
culations were carried out in the Statistica 12.0 program.

Wyniki i dyskusja / Results and discussion

All fungal isolates used in the experiment were molecu-
larly identified based on the ITS region. Bacterial isolates 
were biochemically identified using the BIOLOG system. 
Table 1 presents a list of all isolates.

The average values of inhibitory properties of macro-
fungi against pathogenic organisms for tomato plants are 
shown in table 2 for pathogenic fungi, and in table 3 for 
pathogenic bacteria. 

The growth of the pathogenic fungi A. solani and 
F. oxysporum was notably suppressed by both macrofungi, 

G. lucidum and P. ostreatus, throughout the entire incuba-
tion period. In the case of the pathogenic fungus B. cinerea, 
incubation with G. lucidum led to substantial initial inhi-
bition, but this effect diminished significantly over time, 
reaching 0% inhibition by the end of the incubation period. 
On the other hand, P. ostreatus initially inhibited the growth 
of B. cinerea, but after 6 days, a noteworthy expansion of 
B. cinerea mycelium was observed. Eventually, the presence 
of P. ostreatus mycelium significantly curtailed the growth 
of the pathogenic fungus (tab. 4, photo 1–3, fig. 1, 2).

The growth of the pathogenic bacteria C. michiganen-
sis subsp. michiganensis was significantly and consistent-
ly inhibited over time in the presence of the macrofungus 
G. lucidum. By the end of the incubation period, the Per-
centage Inhibition of Radial Growth (PIRG) for this com-
bination recorded the highest value among all bacterial-

Tabela 1. Identyfikacja grzybów wielkoowocnikowych i grzybów patogenicznych na podstawie regionu ITS; identyfikacja biochemicz-
na bakterii patogenicznych z wykorzystaniem systemu BIOLOG®

Table 1. Macrofungi and pathogenic fungi identification based on the ITS region; pathogenic bacteria identification based on biochemi-
cally identification using the BIOLOG® system

Grzyby wielkowocnikowe
Macrofungi

Numer akcesyjny GenBank
GenBank given accession 

number

Wartość 
Value

Query cover

Procent 
zbieżności

Percent  
identity

Numer  
akcesyjny
Accession  

number
Ganoderma lucidum OQ947057 99% 97.00% MG911000.1
Pleurotus ostreatus OQ947058 100% 98.17% LN849458.1

Grzyby patogeniczne
Pathogenic fungi

Alternaria solani OQ947054 100% 99.82% MN121432.1
Botrytis cinerea OQ947055 100% 100% MN489448.1
Fusarium oxysporum OQ947056 100% 99.81% MZ724816.1

Bakterie patogeniczne
Pathogenic bacteria

Identyfikacja BIOLOG®

BIOLOG® identification
Podobieństwo

Similarity
Rozstęp
Distance

Pseudomonas syringae Pseudomonas syringae 0.664 4.586 –
Pseudomonas viridilivida Pseudomonas viridilivida 0.785 4.398 –
Clavibacter michiganensis  
subsp. michiganensis Clavibacter michiganensis 0.894 4.699 –

Tabela 2. Średnia wartość hamowania wzrostu grzybów patogenicznych pod wpływem grzybni grzybów wielkoowocnikowych w teście 
podwójnych kultur [mm]

Table 2.  The average value of growth inhibition of pathogenic fungi under the influence of macrofungus mycelium in dual culture 
test [mm]

Średnia ± odchylenie standardowe [mm]
Mean ± standard deviation [mm]

I pomiar (4. dzień inkubacji)
I measurement (4th day of incubation) Alternaria solani Botrytis cinerea Fusarium oxysporum

Ganoderma lucidum
p-value* 
Pleurotus ostreatus
p-value
Kontrola (wzrost grzybów patogenicznych bez obecności 
grzybów wielkoowocnikowych)
Control (growth of pathogenic fungi without macrofungi)

14.4 ± 0.89
0.000889

17.0 ± 1.22
0.421269

19.2 ± 0.83

25.4 ± 1.51
0.000140
27.0 ± 0.7
0.000140

50.8 ± 3.76

12.0 ± 1.0
0.309147
14.0 ± 0.7
0.999977

14.4 ± 0.89
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Tabela 3. Średnia wartość hamowania wzrostu bakterii patogenicznych pod wpływem grzybni grzybów wielkoowocnikowych w metodzie 
Wellera [mm]

Table 3.  The average value of growth inhibition of pathogenic bacteria under the influence of macrofungus mycelium in Weller’s method [mm]

I pomiar (3. dzień inkubacji)
I measurement (3th day of incubation)

Średnia ± odchylenie standardowe [mm]
Mean ± standard deviation [mm]

Pseudomonas  
viridilivida

Pseudomonas  
syringae

Clavibacter michiganen-
sis subsp. michiganensis

Ganoderma lucidum
p-value*
Pleurotus ostreatus
p-value
Kontrola (wzrost bakterii patogenicznych  
bez obecności grzybów wielkoowocnikowych)
Control (growth of pathogenic bacteria without macrofungi)

12.2 ± 1.92
0.995931

12.4 ± 1.94
0.973949

11.6 ± 0.54

7.4 ± 0.54
0.627234
7.0 ± 1.22
0.302093

8.8 ± 0.83

9.6 ± 0.89
0.627234
9.6 ± 0.89
0.627234

11.0 ± 0.7

II pomiar (5. dzień inkubacji)
II measurement (5th day of incubation)

Pseudomonas 
 viridilivida

Pseudomonas 
 syringae

Clavibacter michiganen-
sis subsp. michiganensis

Ganoderma lucidum
p-value
Pleurotus ostreatus
p-value
Kontrola (wzrost bakterii patogenicznych 
bez obecności grzybów wielkoowocnikowych)
Control (growth of pathogenic bacteria without macrofungi)

15.4 ± 0.54
0.902567
16.0 ± 1.0
0.318184

    
14.6 ± 0.89

7.3 ± 0.44
0.009920
7.4 ± 0.54
0.015616

9.6 ± 0.89

10.6 ± 0.89
0.00149

12.4 ± 1.34
0.083393

14.2 ± 1.3

III pomiar (7. dzień inkubacji)
III measurement (7th day of incubation)

Pseudomonas  
viridilivida

Pseudomonas  
syringae

Clavibacter michiganen-
sis subsp. michiganensis

Ganoderma lucidum
p-value
Pleurotus ostreatus
p-value
Kontrola (wzrost bakterii patogenicznych 
bez obecności grzybów wielkoowocnikowych)
Control (growth of pathogenic bacteria without macrofungi)

16.0 ± 1.22
0.333112
16.0 ± 0.7
0.333112

17.6 ± 1.51

7.8 ± 0.83
0.108791
7.4 ± 0.54
0.027070

9.8 ± 0.83

10.6 ± 0.89
0.000140

13.6 ± 1.34
0.012575

16.2 ± 1.3

*p-value < 0,05 oznacza wartości istotne statystycznie – p-value < 0.05 indicate statistically significant values

Średnia ± odchylenie standardowe [mm]
Mean ± standard deviation [mm]

II pomiar (6. dzień inkubacji)
II measurement (6th day of incubation) Alternaria solani Botrytis cinerea Fusarium oxysporum

Ganoderma lucidum
p-value 
Pleurotus ostreatus
p-value
Kontrola (wzrost grzybów patogenicznych bez obecności 
grzybów wielkoowocnikowych)
Control (growth of pathogenic fungi without macrofungi)

15.0 ± 0.7
0.000140

18.2 ± 0.83
0.000162

27.8 ± 1.48

65.0 ± 5.87
0.000149
66.0 ± 4.0
0.000216

75.0 ± 0.0

12.0 ± 1.0
0.000149
14.0 ± 0.7
0.000686

22.0 ± 2.0

III pomiar (8. dzień inkubacji)
III measurement (8th day of incubation) Alternaria solani Botrytis cinerea Fusarium oxysporum

Ganoderma lucidum
p-value 
Pleurotus ostreatus
p-value
Kontrola (wzrost grzybów patogenicznych bez obecności 
grzybów wielkoowocnikowych)
Control (growth of pathogenic fungi without macrofungi)

15.0 ± 1.0
0.000140

18.4 ± 0.89
0.000140

36.6 ± 2.07

75.0 ± 0.0
1.000000

27.0 ± 2.44
0.000140

75.0 ± 0.0

12.0 ± 1.0
0.000140
14.0 ± 0.7
0.129193

29.6 ± 2.19

Tabela 2. Średnia wartość hamowania wzrostu grzybów patogenicznych pod wpływem grzybni grzybów wielkoowocnikowych w teście 
podwójnych kultur [mm] – cd.

Table 2.  The average value of growth inhibition of pathogenic fungi under the influence of macrofungus mycelium in dual culture test [mm] – 
continued

*p-value < 0,05 oznacza wartości istotne statystycznie – p-value < 0.05 indicate statistically significant values
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Tabela 4. Procentowe zahamowanie rozrostu wybranych grzybów patogenicznych w ciągu kolejnych dni pomiaru w obecności grzybni 
grzybów wielkoowocnikowych (PIRG)

Table 4.  Percentage inhibition of radial growth of selected pathogenic fungi during the following measurement days in the presence of 
macrofungi (PIRG)

I pomiar (4. dzień inkubacji)
I measurement (4th day of incubation) Alternaria solani Botrytis cinerea Fusarium oxysporum

Ganoderma lucidum
Pleurotus ostreatus

25%
11.45%

50%
46.85%

16.6%
2.77%

II pomiar (6. dzień inkubacji)
II measurement (6th day of incubation) Alternaria solani Botrytis cinerea Fusarium oxysporum

Ganoderma lucidum
Pleurotus ostreatus

46%
34.53%

13.33%
12%

45%
36.36%

III pomiar (8. dzień inkubacji)
III measurement (8th day of incubation) Alternaria solani Botrytis cinerea Fusarium oxysporum

Ganoderma lucidum
Pleurotus ostreatus

59.01%
49.72%

0%
64%

59.45%
52.7%

Fot. 1.  Test podwójnych kultur: (a) wzrost kontrolny grzybni Alternaria solani, (b) wzrost grzybni Alternaria solani w obecności Gano-
derma lucidum, (c) wzrost grzybni Alternaria solani w obecności Pleurotus ostreatus; pomiar po 8 dniach 

Photo 1.  Dual culture test: (a) control growth of Alternaria solani mycelium, (b) growth of Alternaria solani mycelium in the presence of 
Ganoderma lucidum, (c) growth of Alternaria solani mycelium in the presence of Pleurotus ostreatus; measurement after 8 days

Fot. 2.  Test podwójnych kultur: (a) wzrost kontrolny grzybni Botrytis cinerea, (b) wzrost grzybni Botrytis cinerea w obecności Gano-
derma lucidum, (c) wzrost grzybni Botrytis cinerea w obecności Pleurotus ostreatus; pomiar po 8 dniach

Photo 2.  Dual culture test: (a) control growth of Botrytis cinerea mycelium, (b) growth of Botrytis cinerea mycelium in the presence of 
Ganoderma lucidum, (c) growth of Botrytis cinerea mycelium in the presence of Pleurotus ostreatus; measurement after 8 days
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Fot. 3.  Test podwójnych kultur: (a) wzrost kontrolny grzybni Fusarium oxysporum, (b) wzrost grzybni Fusarium oxysporum w obec-
ności Ganoderma lucidum, (c) wzrost grzybni Fusarium oxysporum w obecności Pleurotus ostreatus; pomiar po 8 dniach

Photo 3.  Dual culture test: (a) control growth of Fusarium oxysporum mycelium, (b) growth of Fusarium oxysporum mycelium in the 
presence of Ganoderma lucidum, (c) growth of Fusarium oxysporum mycelium in the presence of Pleurotus ostreatus; measure-
ment after 8 days

Rys. 1. Zmiana wartości PIRG w czasie dla wybranych patogenicznych grzybów i bakterii dla roślin pomidora; wpływ grzyba wielko-
owocnikowego Ganoderma lucidum

Fig. 1. Change in PIRG value over time for selected fungal and bacterial pathogens for tomato plants; influence of the macrofungus 
Ganoderma lucidum

Rys. 2. Zmiana wartości PIRG w czasie dla wybranych patogenicznych grzybów i bakterii dla roślin pomidora; wpływ grzyba wielko-
owocnikowego Pleurotus ostreatus

Fig. 2. Change in PIRG value over time for selected fungal and bacterial pathogens for tomato plants; influence of the macrofungus 
Pleurotus ostreatus 
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-fungus interactions. This particular combination yielded 
a remarkably distinct result. It is noteworthy that, in the case 
of P. viridilivida, the use of macrofungi exhibited the oppo-
site effect, actually stimulating bacterial growth.

In both tests with G. lucidum and P. ostreatus, P. viridili-
vida exhibited more robust growth, particularly in the initial 
incubation period, compared to the growth of the control 
colony. However, after a week, the bacterial growth ceased 
(tab. 5, photo 4–6, fig. 1, 2). Photo 7 shows control growth 
of both G. lucidum and P. ostreatus.

The objective of this study was to examine the impact 
of the macrofungi mycelium G. lucidum and P. ostreatus 
on pathogens prevalent in tomato crops. We investigated 
whether and to what extent the mycelium of these macro-
fungi inhibits the growth of fungal and bacterial pathogens 
affecting tomato plants using the dual-culture test (fungi) 

and Weller’s method (bacteria). The selected pathogenic 
fungi are well-known and commonly occurring in tomato 
crops. Alternaria solani causes early blight of tomatoes, 
characterized by stem rot, fruit damage, and leaf blight, 
affecting plants at all developmental stages (Kumar et al. 
2018; Attia et al. 2020); B. cinerea, causing gray mold and 
infesting many other plants (Jin and Wu 2015; Wakeham 
et al. 2016), in the case of greenhouse tomatoes, prominent 
symptoms are observed on stems in areas of cut wounds, 
allowing the fungus to enter and cause stem rot. Soft rot of 
ripe tomato fruit mainly occurs after harvest (Williamson 
et al. 2007); and F. oxysporum, the causative agent of fusari-
um wilt in tomatoes, infects the vascular vessels, resulting in 
wilting, yellowing, and leaf drop (McGovern 2015; Worku 
and Sahe 2018). We specifically chose one of the most 
perilous and destructive tomato pathogens, C. michiganensis 

Tabela 5. Procentowe zahamowanie rozrostu wybranych bakterii patogenicznych w ciągu kolejnych dni pomiaru w obecności grzybni 
grzybów wielkoowocnikowych (PIRG)

Table 5.  Percentage inhibition of radial growth of selected pathogenic bacteria during the following measurement days in the presence of 
macrofungi (PIRG)

I pomiar (3. dzień inkubacji)
I measurement (3th day of incubation) Pseudomonas viridilivida Pseudomonas syringae Clavibacter michiganensis 

subsp. michiganensis

Ganoderma lucidum
Pleurotus ostreatus

–5.17%
–6.8%

15.9%
20.45%

12.72%
12.72%

II pomiar (5. dzień inkubacji)
II measurement (5th day of incubation) Pseudomonas viridilivida Pseudomonas syringae Clavibacter michiganensis 

subsp. michiganensis

Ganoderma lucidum
Pleurotus ostreatus

–5.47%
–9.5%

23.95%
22.91%

25.35%
12.67%

III pomiar (7. dzień inkubacji)
III measurement (7th day of incubation) Pseudomonas viridilivida Pseudomonas syringae Clavibacter michiganensis 

subsp. michiganensis

Ganoderma lucidum
Pleurotus ostreatus

9.09%
9.09%

20.4%
24.48%

34.56%
16.04%

Fot. 4.  Metoda Wellera: (a) wzrost kontrolny kolonii Pseudomonas viridilivida, (b) wzrost kolonii Pseudomonas viridilivida w obec-
ności Ganoderma lucidum, (c) wzrost kolonii Pseudomonas viridilivida w obecności Pleurotus ostreatus; pomiar po 7 dniach

Photo 4.  Weller’s method test: (a) control growth of Pseudomonas viridilivida colony, (b) growth of Pseudomonas viridilivida colony 
in the presence of Ganoderma lucidum, (c) growth of Pseudomonas viridilivida colony in the presence of Pleurotus ostreatus; 
measurement after 7 days
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Fot. 5.  Metoda Wellera: (a) wzrost kontrolny kolonii Pseudomonas syringae, (b) wzrost kolonii Pseudomonas syringae w obecności 
Ganoderma lucidum, (c) wzrost kolonii Pseudomonas syringae w obecności Pleurotus ostreatus; pomiar po 7 dniach

Photo 5.  Weller’s method test: (a) control growth of Pseudomonas syringae colony, (b) growth of Pseudomonas syringae colony in the 
presence of Ganoderma lucidum, (c) growth of Pseudomonas syringae colony in the presence of Pleurotus ostreatus; measure-
ment after 7 days

Fot. 6.  Metoda Wellera: (a) wzrost kontrolny kolonii Clavibacter michiganensis subsp. michiganensis, (b) wzrost kolonii Clavibacter 
michiganensis subsp. michiganensis w obecności Ganoderma lucidum, (c) wzrost kolonii Clavibacter michiganensis subsp. 
michiganensis w obecności Pleurotus ostreatus; pomiar po 7 dniach

Photo 6.  Weller’s method test: (a) control growth of Clavibacter michiganensis subsp. michiganensis colony, (b) growth of Clavibacter 
michiganensis subsp. michiganensis colony in the presence of Ganoderma lucidum, (c) growth of Clavibacter michiganensis 
subsp. michiganensis colony in the presence of Pleurotus ostreatus; measurement after 7 days

Fot. 7.  Wzrost kontrolny grzybni: (a) Pleurotus ostreatus, (b) Ganoderma lucidum; pomiar po 7 dniach
Photo 7.  Control growth of: (a) Pleurotus ostreatus mycelium, (b) Ganoderma lucidum mycelium; measurement after 7 days
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subsp. michiganensis, responsible for bacterial canker. This 
plant vascular bacterium typically invades and proliferates 
in the xylem through natural openings or wounds, inducing 
symptoms of wilting and canker. The occurrence of asymp-
tomatic latent infection and the invasion of tomato seeds 
by this bacterium are common occurrences (Gartemann 
et al. 2003; Nandi et al. 2018; Méndez et al. 2020). Ad-
ditionally, we included the less recognized but potentially 
causing substantial losses, P. syringae, responsible for bac-
terial speck on tomatoes. Infections by this bacterium man-
ifest as dark brown spots on leaves and fruits, measuring 
1–3 mm in diameter, often accompanied by a yellow chlo-
rotic halo (Kozik 2002; Zhao et al. 2003). We also opted for 
P. viridilivida, despite its infrequent mention in publications 
and studies. Interestingly, it was the third most commonly 
diagnosed pathogenic bacterium in tomato plant samples re-
ceived by the Plant Disease Clinic and Bank of Plant Patho-
gen at the Institute of Plant Protection – National Research 
Institute in Poznań between 2013 and 2019, following 
C. michiganensis subsp. michiganensis and P. syringae (Ze-
nelt et al. 2021). 

Amid increasing concerns about the adverse effects of 
chemical plant protection products on the environment and 
human health, the quest for alternative methods of plant pest 
control has become imperative. Biological approaches uti-
lizing natural organisms or their products offer a promising 
and sustainable alternative in agriculture. Macrofungi, such 
as G. lucidum (reishi) and P. ostreatus (oyster mushroom), 
are gaining considerable attention as potential sources of 
bioactive compounds with the ability to counteract plant in-
fections. Research indicates that these fungi possess diverse 
antibacterial, antiviral, and antifungal properties, position-
ing them as promising candidates for use in controlling 
plant pathogens. Numerous studies have been conducted 
on the utilization of G. lucidum against well-known fungal 
pathogens, with a slightly smaller body of research focus-
ing on its efficacy against bacterial plant pathogens. The 
primary compounds produced by G. lucidum encompass 
terpenoids (approximately 130 different types), triterpenes 
(e.g., ganodermic acid), polysaccharides (over 100 types, 
including mannitol and β-glucan), enzymes, proteins, lip-
ids, phenols, and sterols (Kües et al. 2015; Cör et al. 2018; 
Sharma et al. 2019). Ganodermin, a protein isolated from 
G. lucidum, exhibits antifungal properties by inhibiting the 
growth of pathogens like B. cinerea, F. oxysporum, and 
other fungal species.

Several reports highlight the antagonistic effects of 
G. lucidum extracts (e.g., aqueous, ethanolic, and metha-
nolic) against various fungi, including Aspergillus sp., Fu-
sarium sp., Penicillium sp. (Baig et al. 2015; Radhika and 
Rajan 2021), Colletotrichum sp. (Saludares et al. 2023), 
Alternaria sp. (Chen and Huang 2011; Shahid et al. 2016) 
and notably, A. solani (Asif et al. 2022). In our experiment, 
both G. lucidum and P. ostreatus notably inhibited A. solani 

and F. oxysporum. Similar outcomes with G. lucidum were 
observed by Saludares et al. (2023), who tested the anti-
microbial properties of the fungus’s extract against known 
plant pathogens, including A. solani and F. oxysporum, 
as well as by Baig et al. (2015). In both studies, the au-
thors obtained results affirming the inhibitory properties of 
G. lucidum against these pathogens. Pavlov et al. (2021) 
reported antifungal activity of various G. lucidum strains 
against tested plant pathogenic fungi, with Basidiomycetes 
(Heterobasidion sp.) and Ascomycetes (Bipolaris sp., Alter-
naria sp., and Fusarium sp.) being the most sensitive phy-
topathogens. While the majority of such studies establish 
G. lucidum’s antifungal properties, there is also substantial 
literature supporting its antibacterial properties, particularly 
against bacteria pathogenic to humans and animals (Que-
reshi et al. 2010; Kamra and Bhatt 2012; Pala et al. 2019; 
Rezghi Jahromi and Mozafary 2021). Bacteriostatic proper-
ties against bacterial phytopathogens have been investigated 
by researchers such as Robles-Hernández et al. (2021), who 
examined culture fluids from G. lucidum against selected 
phytopathogenic bacteria. Similarly, Kamble et al. (2011) 
conducted a study testing various types of extracts (metha-
nol, acetone, water, chloroform) and their effects on bacte-
rial pathogens.

Similarly, P. ostreatus, renowned for its potent anti-
oxidant and antibacterial potential, may possess attributes 
that limit the development of plant pathogens. Pleurostrin, 
a peptide with antifungal properties analogous to gano-
dermin, has been isolated from this species (Wang and Ng 
2006). Although there are few reports about the use of P. os-
treatus against plant pathogens, there are instances where it 
has been highly effective in inhibiting the growth of patho-
gens such as B. sorokiniana, F. culmorum, or R. cerealis. In 
turn, Ocimati et al. (2021) explored the potential of spent 
P. ostreatus substrate to inhibit Fusarium spp. in banana cul-
tivation, suggesting its use as a practice to reduce Fusarium- 
-related diseases in banana cultivation. To the best of our 
knowledge, this is the first instance where P. ostreatus my-
celium has been utilized to assess its antagonistic properties 
against pathogenic bacteria affecting tomato plants. Due to 
the limited number of reports on the use of this macrofun-
gus against phytopathological bacteria, specific examples 
for comparison with our results are unavailable.

The majority of research focuses on the impact of the 
oyster mushroom on bacterial human pathogens, such as 
Escherichia coli, Bacillus cereus, Bacillus subtilis, Pseudo-
monas aeruginosa, Salmonella typhi, and Staphylococcus 
aureus (Vamanu 2013; Al-Bahrani et al. 2017; Ianni et al. 
2021). This fungus exhibits a broad spectrum of antibac-
terial properties (Lesa et al. 2022), suggesting its potential 
antagonistic effect against phytopathogenic bacteria. In our 
studies, P. ostreatus demonstrated a less effective antifungal 
and antibacterial impact compared to G. lucidum. Among 
fungal pathogens, A. solani was the most strongly inhi bited, 
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with linear inhibition throughout the entire incubation pe-
riod. For B. cinerea, initial inhibition was observed, but 
after 6 days of incubation, B. cinerea significantly accel-
erated its growth. By the end of the incubation, however, 
the growth of the pathogen mycelia was halted. Concern-
ing bacteria, noticeable growth inhibition was observed for 
C. michiganensis subsp. michiganensis and P. syringae. An 
intriguing phenomenon was the observation of P. ostreatus 
stimulating the growth of P. viridilivida, contrary to our ex-
pectations. Further research is necessary to determine the 
factors causing this unexpected phenomenon. In natural 
environments, numerous interactions occur among different 
groups of microorganisms. It is possible that P. ostreatus 
created favorable conditions for the development of P. viri-
dilivida, perhaps by providing nutrients conducive to bacte-
rial growth or transforming available organic substances in 
the substrate into forms beneficial for bacteria. 

It is crucial to note that G. lucidum, despite being glob-
ally recognized for its health-promoting properties, is also 
acknowledged as a pathogen that can lead to substantial 
losses in certain plants (Fernando 2008; Deepatharshini and 
Elango 2015; Shah et al. 2021). Phytopathogenic species 
within the Ganoderma genus can induce severe diseases 
such as stem, trunk, and root rot, particularly affecting eco-
nomically significant trees and perennial crops, especially 
in tropical regions (Deepatharshini and Elango 2015; Kües 
et al. 2015). In India, the decline in productivity and plant 

mortality, including oil palm, coconut, and tea, are signifi-
cant economic consequences of diseases caused by Gano-
derma. This fungus is identified as a serious pathogen af-
fecting crops, forest plantations, and trees in natural forests 
in the country (Sankaran et al. 2005). Losses primarily stem 
from the fungus’s ability to decompose wood components, 
including lignin, cellulose, and hemicellulose, resulting in 
wood rot (Piętka and Byk 2018). Similarly, P. ostreatus 
is implicated in wood rot and can pose a threat to old and 
weakened trees, such as beech, alder, or oak (Karim et al. 
2016; Bari et al. 2017, 2020).

The antagonistic effect of macrofungi, specifically 
G. lucidum and P. ostreatus, against pathogens may in-
volve diverse mechanisms influenced by factors such as 
the che mical composition and metabolites of these fungi. 
Therefore, further research is imperative to gain a deeper 
understanding of how G. lucidum and P. ostreatus impact 
pathogens in tomato plants and how their potential can be 
harnessed to promote healthier and more resilient crops. 
Our research endeavors to contribute to the development 
of ecological and sustainable strategies for plant infection 
control. By safeguarding crops from harmful pathogens, we 
aim to minimize negative impacts on both the environment 
and human health. This pursuit aligns with the broader goal 
of fostering agricultural practices that are not only effective 
but also environmentally conscious and conducive to long-
term crop sustainability.
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