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Abstract 

Fusarium wilt, caused by Fusarium oxysporum f. sp. lycopersici (FOL), is a devastating disease 
affecting tomato production globally. This study evaluated Agaricus bisporus (white button mushroom) 
aqueous extract as a biocontrol agent against (FOL), the pathogen causing Fusarium wilt in tomatoes. 
The objectives included isolating FOL and assessing the antifungal efficacy of A. bisporus invitro and 
invivo. Methods involved morphological identification of FOL (Table 1), In-vitro and greenhouse trials 
on tomato cultivars Roma VF and UC 80 using extract concentrations (500 mg/ml, 250 mg/ml, 125 
mg/ml, 62.5 mg/mL and control). Results revealed In-vitro testing Agaricus bisporus aqueous extract 
exhibited dose-dependent antifungal activity against Fusarium oxysporum f. sp. Lycopersici with 
MIC/MFC values of 15.625/62.5 mg/mL. In-vivo trials revealed that UC 80 showed remarkable 
resilience with a delayed onset of disease progression compared to ROMA VF. In addition, UC 80 
showed lower disease severity than Roma VF. A key recommendation is field trials to validate efficacy 
and optimize dosing. The study demonstrates A. bisporus as a sustainable alternative to synthetic 
fungicides, enhancing tomato growth while mitigating Fusarium wilt.   
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INTRODUCTION 
Fusarium oxysporum f. sp. Lycopersici is a type of fungus found in the Hyphomycetes class that 
specifically affects tomato plants (Solanum lycopersicum L.). Tomatoes are a delicious vegetable 
and an essential crop that belongs to the Solanaceae family, making them the most widely 
grown vegetable worldwide (Saeed-Awan et al., 2012).  
 
This particular fungus lives in the soil and attacks the roots of tomato plants (Ahmed, 2011), 
which can lead to serious decreases in tomato yields (McGovern, 2015). It’s important to note 
that this pathogen is specific to its host (Castano et al., 2013). When infected, tomato plants 
often display symptoms such as stunted growth, yellowing of leaves and develop necrosis, 
vascular tissue may brown, and overall, the plants may lose their rigidity (Li et al., 2018).  
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Fusarium wilt of tomato, caused by Fusarium oxysporum f. sp. lycopersici, is one of the most 
economically significant diseases affecting major tomato-growing regions worldwide (Aydi 
et al., 2016). This highly destructive pathogen can lead to yield losses ranging from 10% to 50% 
in various tomato production areas (Ghazalibiglar et al., 2016). Attempts to control the disease 
have experienced limited success due mainly to the emergence of new pathogenic races. 
Documented methods that are used in the control of the disease include cultural, biological, 
use of resistance variety, chemical and use of natural products (Kutama et al., 2013).  
 
Previous studies have examined several strategies to manage Fusarium wilt in tomatoes, 
including synthetic fungicides, cultural practices, and biological controls. Although effective, 
synthetic fungicides pose environmental and health risks due to soil persistence and potential 
toxicity (Sadana and Didwania, 2019). Biological controls, like Trichoderma species, show 
potential but lack consistency in fields (Li et al., 2018). Natural plant extracts have 
demonstrated antifungal properties, with varying efficacy based on source and concentration 
(Zakari et al., 2015). Resistant tomato cultivars have been created, but their effectiveness is 
threatened by new pathogen races (Biju et al., 2017). Overall, there is a continued need for 
sustainable and eco-friendly solutions to address Fusarium wilt. 
 
Agaricus bisporus is a basidiomycete mushroom that belongs to the Agaricaceae family and is 
cultivated in over 70 countries (Ma et al., 2014). It has been the most widely grown mushroom 
for decades (Foulongne-Oriol et al., 2014). Due to its natural origin, it presents a potential new 
alternative biocontrol agent against (FOL). Crude extracts obtained from A. bisporus have 
demonstrated antimicrobial activity (Stojkovic et al., 2014).  
 
This study explores the use of aqueous extracts from Agaricus bisporus (white button 
mushroom) as a biocontrol agent against Fusarium wilt (FOL) in tomatoes. Although prior 
research (Glamočlija et al., 2015) has identified A. bisporus's antimicrobial properties, its role 
in managing Fusarium wilt has been largely overlooked. This investigation evaluates both in-
vitro and in-vivo efficacy of the extracts across tomato cultivars Roma VF and UC 80. By 
determining the minimum inhibitory and fungicidal concentrations (MIC/MFC) and 
showcasing dose-dependent antifungal effects, this research lays the groundwork for 
integrating A. bisporus extracts into sustainable disease management. Additionally, the 
findings suggest that combining biocontrol agents with resistant cultivars can provide long-
term protection against Fusarium wilt, presenting an innovative alternative to synthetic 
fungicides. 
 
MATERIALS AND METHODS 
 
Study Area 
The experiment was conducted at Bayero University Kano, Kano State, The research was 
conducted in two phases, the laboratory work at the Plant Pathology lab located at the 
Department of Plant Science and Biotechnology, Bayero University, Kano, for the in-vitro 
phase. In contrast, the in-vivo phase was carried out at the Baba Ali Garko Botanic Garden 
Located at the Department of Plant Science and Biotechnology of Bayero University, Kano. 
Kano State is situated at approximately 12°00'00" N latitude and 8°31'00" E longitude. The 
metropolitan area of Kano has an estimated population of 4,645,000 as of 2025 (Macrotrends, 
2025). 
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Sample collection. 
Tomato plants that showed wilt symptoms were randomly collected from Kano State, Nigeria 
tomato farms. Tomato cultivars Roma VF and UC 80, along with Agaricus bisporus, were 
obtained at Kasuwar Turawa, Kano. Roma VF and UC 80 seeds were identified at the 
herbarium of Bayero University in Kano State and were both given a Bayero University, Kano 
Herbarium Accession Number BUKHAN 0367. While Agaricus bisporus was given a Bayero 
University, Kano Herbarium Accession Number BUKHAN 0642. The method described by 
Kou (2018) was used to identify Agaricus bisporus by their spore prints and by comparing their 
morphological, anatomical, and physiological characteristics.  
 
Preparation of Agaricus bisporus L. Extract 

The procedure followed the method outlined by Zakari et al. (2015), with some modifications. 
First, Agaricus bisporus was air-dried and then ground into a fine powder. In separate flasks, 
1000 mg of each sample was added to 1000 ml of distilled water instead of using 30g in 100 
ml of distilled water. The mixture was vigorously stirred and allowed to stand for 24 hours. 
The samples were then filtered using Whatman paper (No. 1). The resulting filtrates were 
diluted to create extracts containing 500 mg/ml, 250 mg/ml, 125 mg/ml, and 62.5 mg/ml 
concentrations instead of 20%, 40% 60% and 80%. 
 
Isolation and Identification of Fungal Pathogen Associated with Tomato Wilt Disease 
Fungal isolation and identification were conducted based on morphological characteristics 
using various keys and the identification methods referenced by Gaddeyya et al. (2012). 
 
In-vitro screening of Agaricus bisporus L. Extract against fusarium oxysporum f. Sp. 
Lycopersici  
The experiment was designed as a Completely Randomized Design with three replicates. The 
methods outlined by Zakari et al. (2015) were utilized to evaluate the efficacy of the extract on 
fungal growth in culture media.  
 
To prepare the experiment, four equal sections were marked on each Petri dish by drawing 
two perpendicular lines at the base of the plate. The center of the plates indicated the point of 
intersection for the inoculum. This marking was done before dispensing the Potato Dextrose 
Agar (PDA) into the plates.  
 
The extracts of Agaricus bisporus were poured into a flask, which was plugged with cotton 
wool and heated for about 10 minutes to prevent contamination. A total of 2 ml of the extract 
at various dilutions was separately introduced into each Petri dish containing 10 ml of PDA. 
Each plate was inoculated with a 5 mm plug of pure isolate taken from the margins of actively 
growing fungal cultures. The plates were incubated at 25° ± 2°C. The control plates received 
only an equal volume of distilled water.  
 
The diameter of the mycelial growth for each isolate was measured and recorded once the 
growth in the control treatment was complete. Each treatment was repeated three times. The 
mean radial mycelial growth of each isolate was recorded, and the data were transformed into 
inhibition percentages using the applicable formula: 

Inhibition percentage (%) =  
DC−DT

DC
  × 100 

Where DC - Average Diameter of fungal spore in control. DT - Average diameter of fungal 
spore with treatment. 
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In-vivo screening of Agaricus bisporus l. Extract against fusarium wilt of tomato cultivar 
(Roma VF and UC 80)  
 
The procedure was based on the method described by Nirmaladevi and Srinivas (2012), with 
some modifications. The experiment utilized a 5×3×2 factorial design, organized in a 
Randomized Completely Block Design with three replicates. The soil was traditionally 
sterilized using hot water. Subsequently, 3 kg of sterile soil was placed in a nylon bag. Tomato 
seeds were surface-sterilized by soaking them in a 0.5% sodium hypochlorite solution for one 
minute, followed by three rinses with sterile distilled water before planting. 
 
To prepare the inoculum, 50 mL of sterile distilled water was added to pure culture plates. 
Spores were scraped off using a sterilized scalpel and then sieved through sterilized 
cheesecloth folded into four layers. The spores were counted using a hemocytometer, and 
their concentration was adjusted to 2.5×10^6 spores/mL by dilution with distilled water. The 
roots of each tomato seedling were dipped into the prepared inoculum suspension for 30 
minutes before transplanting. 
 
Additionally, A. bisporus extracts at various concentrations (500 mg/mL, 250 mg/mL, 125 
mg/mL, and 62.5 mg/mL) were applied to the rhizosphere around the roots of plants 
biweekly four times with the exclusion of control. Data were collected regarding the severity 
of Fusarium wilt. Disease incidence was assessed for the presence or absence of symptoms, 
following the scoring method established by Abang et al. (2006). The disease incidence 
percentage was then calculated using the relevant formula. 
 

Disease Incidence =
Number of diseased plants

Total number of plants examined
 ×100% (Chaube and Phundir, 2009) 

A modified disease severity scale (1 – 5) by CSIR-Crops Research Institute (2011) was used to 
score the diseases as follows: 1= None (No disease symptoms), 2= Minor (Disease symptoms 
covering less than 25% of total shoots), 3= Moderate (Disease symptoms covering between 25-
50% of total shoots), 4= Severe (Disease symptoms covering between 50-75% of total shoots), 
and 5= Very severe (Disease symptoms covering between 75-100% of total shoots). The disease 
severity was calculated using the formula: 

Disease severity =
∑(Number of plants scored for each rating×the rating value)

Total plant scored per plot
(Crops Research Institute, 

2011)  
 
Data Analysis 
The data was analyzed using One-Way ANOVA (Analysis of Variance) for the in-vitro 
experiment, while Two-Way ANOVA was employed for the in-vivo experiment. The means 
were compared using the Duncan Multiple Range Test, with significant differences observed 
at p ≥ 0.05. 
 
Results 
Identification of Fusarium oxysporium 
 
Table 1: Essential Morphological feature of Fusarium oxysporium 

FEATURE DESCRIPTION SOURCE  
Colony characteristics White colour Summerell, 2019.  
Microconodia  Oval shaped Summerell, 2019.  
Macroconodia  3-5 septate Summerell, 2019.  
Chla,ydospores Thick-walled, spherical, 

slightly on chain. 
Summerell, 2019.  



The In-Vitro and In-Vivo Efficacy of White Button Mushroom (Agaricus bisporus L.) Extracts as Biocontrol Agent 

Against Fusarium Wilt Disease of Some Tomato (Solanum lycopersicum L.) Cultivars  

 

Nashabaru M.I., Kutama A.S., Yahaya S.A., DUJOPAS 11 (2b): 374-383, 2025                                             378 

 

Minimum Inhibitory Concentration of Agaricus bisporus against (FOL) 
The Minimum Inhibitory Concentration (MIC) of Agaricus bisporus crude extract was revealed 
to (be 15.625 mg/ml). MIC also revealed inhibition occurs at higher concentrations (31.250 
mg/ml and 15.625 mg/ml) while lower concentrations (7.8125 mg/ml and 3.9013 mg/ml) 
show no effect. 
 
Table 2: Minimum Inhibitory Concentration of Agaricus bisporus crude extract 

Crude Extract (mg/ml) Inference 

31.250                      + 

15.625                      + 

7.8125                      - 

3.9013                      - 

KEY:   + = Present     - =Absent 

 
Minimum Fungicidal Concentration of Agaricus bisporus Crude Extract against (FOL) 

The Minimum Fungicidal Concentration (MFC) of Agaricus bisporus crude extract was 
revealed to be (62.5mg/ml). The first trial showed no fungicidal activity at (31.25 mg/ml and 
15.63 mg/ml). The second trial confirmed antifungal effects at (125 mg/ml and 62.5 mg/ml) 
 
 
Table 3: Minimum Fungicidal Concentration of Agaricus bisporus crude extract 

Trial  Crude extract (mg/ml) Inference 

First Trial      31.25     - 

 
 

     15.63     - 

Second trial      125      + 

      62.5     +  

KEY:   + = Present   - = Absent  

 
Antifungal Activities of Agaricus bisporus Aqueous Extract against (FOL) 

The antifungal activities of A. bisporus crude extract revealed Mancozeb demonstrated the 
highest level of inhibition (34mma). Among the treatments using A. bisporus crude extract, 
500mg/ml and 250mg/ml revealed moderate inhibition of (16.67mmb and 15.33mmb) which 
both do not differ statistically. While 125mg/ml and 62.5mg/ml revealed the lowest inhibition 
(12.33mmc and 10.67mmc) which both do not differ statistically. DMSO serving as control 
exhibited no inhibition. 
 
Table 4: Antifungal activities of Agaricus bisporus aqueous extract. 

Treatment Mean (mm) 
500mg/ml 16.67b 

250mg/ml 15.33b 

125mg/ml 12.33c 

62.5mg/ml 10.67c 

Mancozeb 34.00a 

DMSO 0.00d 

LSD (0.05) 2.75 

Values with the same letter along the row do not differ statistically at P >0.05.  

 
Effect of A. bisporus Extract on Disease Incidence of Roma VF and UC 80 

The effect of A. bisporus extract on disease incidence reveals that ROMA VF exhibits no 
response to treatment, maintaining 100%. UC 80 shows temporary improvements where 
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plants treated with 500mg/ml and 250mg/ml extract of A. bisporus incidence briefly drops to 
66.6% at 4 WAT. However, both metrics rebound to 100% incidence. 
 

 
Figure 1: Disease Incidence of ROMA VF and UC 80 after Treatment with Agaricus bisporus Extract 

  
Effect of A. bisporus Extract on Disease Severity of Roma VF and UC 80 
The effect of A. bisporus extract on disease severity of ROMA VF and UC 80 revealed that both 
varieties start at a 2 severity scale at 2 WAT, but UC 80 shows a temporary improvement at 4 
WAT with a scale of (1.67) for plants treated with 500mg/ml and 250mg/ml of A. bisporus 
while ROMA VF remains unchanged. Over time, ROMA VF exhibits a steady increase in 
severity, peaking at a 4 severity scale for control by 12 WAT, whereas UC 80’s progression is 
slower, reaching a 3.33 scale at 12 WAT. Plants treated with 500mg/ml and 250 mg/ml extract 
of A. bisporus showed a better response and maintained a scale of 2 for both UC 80 and ROMA 
VF throughout the research. 
 

 
Figure 2: Disease Severity of Roma VF and UC 80 after Treatment with Agaricus bisporus 
Extract 
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Mean Score of Disease Incidence and Severity of Roma VF and UC 80 
For both disease incidences and severity mean, plants treated with 500mg/ml and 250mg/ml 
A. bisporus extract showed better Response with UC 80 performing better than Roma VF both 
on disease severity and disease incidence. Plants treated with 500mg/ml and 250mg/ml A. 
bisporus extract performed better for both Roma VF and UC 80. 
 
Table 2: Mean of Disease Incidence and Disease Severity of Roma VF and UC 80 

Treatment 
UC 80 Disease Severity 
(Mean) 

ROMA VF Disease 
Severity (Mean) 

UC 80 Disease 
Incidence (Mean) 

ROMA VF Disease 
Incidence (Mean) 

Control 2.2783 2.78 100% 100% 

500 mg/ml 1.845 2.00 94.43% 100% 

250 mg/ml 1.845 2.00 94.43% 100% 

125 mg/ml 2.00 2.39 100% 100% 

62.5 mg/ml 2.00 2.39 100% 100% 

Scores representing means of severity measured on a 1-5 scale are defined below: 
1→ No disease symptoms 
2 → Disease symptoms to cover 5-25% of the total leaf (ves) area 
3→ Disease symptoms to cover 25-50% of the total leaf (ves) area 
4→ Disease symptoms to cover 50-75% of the total leaf (ves) area 
5→ Disease symptom expression on leaf and tissues to cover 75-100% of the total leaf (ves) area  

 
DISCUSSION 
Fusarium wilt, caused by the soil-borne fungus (FOL), threatens tomato production globally, 
leading to significant yield losses and impacting farmers' livelihoods. This study involved 
isolating and identifying the pathogen through cultural, morphological, and pathogenicity 
assessments. Infected tomato tissues were surface-sterilized and cultured on acidified Potato 
Dextrose Agar (PDA), a medium effective for Fusarium isolation while minimizing 
contamination (Leslie and Summerell, 2006). 
 
FOL was characterized by white colonies and oval aseptate microconidia, alongside sickle-
shaped macroconidia with 3–5 septa which aligns with (Summerell, 2019). Pathogenicity was 
confirmed via root-dip inoculation of healthy tomato seedlings, which exhibited vascular wilt 
symptoms, which is in line with protocols (Beckman, 2000). These results correspond with 
(McGovern, 2015), verifying the pathogen's identity and virulence. The study indicated 
symptoms like stunting, leaf yellowing, stalk browning, necrosis, and wilting, consistent with 
(Li et al., 2018), which also noted stunting, yellowing, necrosis in older leaves, browning 
vascular tissue, and potential plant death. 
 
The aquaeous extract of A. bisporus showed dose-dependent antifungal activity, with a 
minimum inhibitory concentration (MIC) of 15.625 mg/mL and a fungicidal concentration 
(MFC) of 62.5 mg/mL. This aligns with findings from Parashare et al. (2013), which noted 
antimicrobial activity but no significant inhibition below 50 mg/mL. While less potent than 
Mancozeb (34.00 mm inhibition), the extract’s moderate inhibition (16.67 mm at 500 mg/mL) 
indicates its potential as a supplementary agent, consistent with Stojković et al. (2014) and 
Glamočlija et al. (2015). However, the higher MFC implies frequent dosing may be needed for 
field applications, a limitation also noted by Zakari et al. (2015) in other biocontrol studies. 
 
The research further revealed that in greenhouse trials, A. bisporus extract reduced disease 
severity and disease incidence, particularly in UC 80. UC 80 showed remarkable resilience 
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with a delayed onset of disease progression compared to ROMA VF which might align with 
the study (Biju et al., 2017) where tomato cultivars carrying I-2 or I-3 genes are known to 
possess genetic resistance. However, the fact that UC 80 experienced a complete resurgence 
of disease incidence (100% at 6 WAT; Fig. 1) suggests that the effectiveness of the A. bisporus 
extract may not be long-lasting. A. bisporus activity might have diminished over time, possibly 
due to metabolite degradation or pathogen adaptation. Combining this extract with resistant 
varieties, as proposed by Cheng et al. (2015), could be a promising approach to improve long-
term protection. Plants treated with 500mg/ml and 250mg/ml of A. bisporus crude extract 
showed better resistance in disease severity (for Roma VF and UC 80) and disease incidence 
(for UC80 only) 
 
This study demonstrates that A. bisporus is a promising alternative to synthetic fungicides, 
mitigating the environmental and health risks linked to chemical residues (Sadana and 
Didwania, 2019). This study primarily focused on using aqueous extracts, which might not 
capture the full potential of solvent-based or purified extracts. It would be beneficial for future 
research to explore ethanol or methanol extracts, as these often have a higher phenolic content 
(Reis et al., 2012). Additionally, molecular features can be investigated in order to learn more 
about their race dynamics and how they express virulence genes, such as fub1 (López-Díaz et 
al., 2018). This knowledge could help create better biocontrol strategies. 
 
CONCLUSION 
Agaricus bisporus aqueous extract served as a natural method of controlling Fusarium 
oxysporum f. sp. lycopersici (FOL), which is a major threat to tomato crops in Northern Nigeria. 
The extract showed good antifungal properties, especially at higher concentrations, and 
different tomato varieties reacted differently, with UC 80 being more resistant than Roma VF. 
This study emphasizes the importance of using sustainable methods while considering soil 
health and how these methods affect soil microbes in the long run. Overall, our findings 
support the development of eco-friendly farming practices. 
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