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Abstract. Biological control of Verticillium wilt caused by Verticillium 
dahliae is a green and sustainable strategy. However, the antifungal 
activities of different amounts of biocontrol bacterial are still not 
understand. This study investigates the antifungal activity of different 
amount of Bacillus amyloliquefaciens FH1-RS1 and Bacillus cereus R19 
against Verticillium dahliae V991 by dual culture plate. The results 
showed that both the fungal inhibition rate (FIR) and far fungal inhibition 
rate (FFIR) of B. amyloliquefaciens FH1-RS1 elevated with the increasing 
volume. The highest FIR (77.78%) and FFIR (58.33%) of B.
amyloliquefaciens FH1-RS1 were both in 22 μL volume (7.2 ×108 
CFU/mL). The highest FIR of B. cereus R19 was 48.15% in 12, 18 and 20 
μL volume (1.2 ×108 CFU/mL). The highest FFIR of B. cereus R19 was 
38.89% in 6 μL volume. This suggests that not all biocontrol bacteria have 
higher antifungal activity in higher amounts.  

1 Introduction 

Verticillium dahliae, a soil-borne pathogen responsible for Verticillium wilt, poses a 
significant threat to global cotton production [1]. The imperative for sustainable biocontrol 
strategies in managing this disease underscores the need to explore effective microbial 
agents. Bacillus species has emerged as a promising biocontrol agent against V. dahliae. 
This gram-positive, non-pathogenic, endospore-forming bacterium, belonging to the group 
of free-living soil bacteria, exhibits a diverse array of traits, including plant growth 
promotion and the production of antifungal, antibacterial metabolites, and industrially 
important enzymes [2]. Among the various species of bacterial species, Bacillus species has 
garnered substantial research interest and finds wide applications in agriculture, 
pharmaceuticals, food industry, and environmental sectors [3]. It is routinely surveyed 
across a range of ecological niches, including soil, animal feces, human food, and aquatic 
environments, showcasing its adaptability and versatile metabolic prowess. This diversity 
in screening sources highlights the bacterium's ability to thrive and adapt across a spectrum 
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of environments [4]. Bacillus species has been recognized for its ability to promote plant 
growth through various mechanisms [5,6], act as a biocontrol agent against soil-borne plant 
diseases [7], serve as a widely used biopesticide [8], antagonize plant pathogens by 
competing for essential nutrients [9], produce antibiotic compounds [10], and induce 
systemic acquired resistance [11]. However, the antifungal activities of different amounts of 
biocontrol bacterial are still not understand. In this study we will investigate the antifungal 
activity of different amount of Bacillus amyloliquefaciens FH1-RS1 and Bacillus cereus 
R19 against Verticillium dahliae V991 by dual culture plate. 

2 Materials and methods 

Bacillus amyloliquefaciens strain FH1-RS1, Bacillus cereus R19 and Verticillium dahliae 
V991 were obtained from Applied Microbial Ecology Engineering Laboratory (AMEEL) at 
Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences. Verticillium 
dahliae V991 was pre-cultured on PDA plates for 7 days under dark conditions at 25°C to 
promote optimal growth. Concurrently, B. amyloliquefaciens FH1-RS1 and B. cereus R19 
were cultivated in PDB medium at 30°C with 180 rpm for 48 h in the dark. The Bacillus 
cultures were centrifuged, the pellets washed, and resuspended. The final concentration of 
B. amyloliquefaciens FH1-RS1 and B. cereus R19 was 7.2 ×108 CFU/mL and 1.2 ×108 
CFU/mL, respectively. Put Bacillus cultures with different volumes (ranging from 0 μL to 
24 μL in 2 μL increments) on the PDA plates, 2cm with the pre-cultured V991. Each 
treatment set five replicates.  Each treatment was replicated three times. The dual cultures 
plates were incubated at 27°C for 14 days. The antifungal activity was quantified by the 
Fungal Inhibition Rate (FIR) and Far Fungal Inhibition Rate (FFIR).  

 
Fungal Inhibition Rate (FIR) (%) = ((R - rc) / R) × 100%)           (1) 
Far Fungal Inhibition Rate (FFIR) (%) = (R – rf) / R) × 100%     (2) 

 
 
where R is the radius of the fungal colony in the blank control plates, and rc is the radius of 
fungal colony close to the Baciilus spp. and rf is the radius of fungal colony far from the 
Baciilus spp. 

3 Results  

3.1 The effects of different amount of Baciilus spp. on fungal inhibition rate  

The amount of Baciilus spp. obviously affected the fungal inhibition rate (FIR) against 
Verticillium dahliae V991. The FIR of B. amyloliquefaciens FH1-RS1 fluctuated and 
elevated with the increasing volume (Figure 1A). The highest FIR of B. amyloliquefaciens 
FH1-RS1 was 77.78% in 22 μL volume.  
The highest FIR of B. cereus R19 was 48.15% in 12, 18 and 20 μL volume (Figure 1B). 
There were no obvious differences in antifungal activity among 6-24 μL volume. The FIR 
of B. cereus R19 in 2-4 μL volume was obvious lower than other volumes. 
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Fig. 1. The effects of different amount of B. amyloliquefaciens FH1-RS1 (A) and B. cereus R19 (B) 
on fungal inhibition rate.   

 

3.2 The effects of different amount of Baciilus spp. on far fungal inhibition 
rate 

The far fungal inhibition rate (FFIR) of B. amyloliquefaciens FH1-RS1 also fluctuated and 
elevated with the increasing volume (Figure 2A). There was a linear relationship between 
the FFIR and volume of B. amyloliquefaciens FH1-RS1. The highest FFIR of B. 
amyloliquefaciens FH1-RS1 was 58.33% in 22 μL volume. 
The highest FFIR of B. cereus R19 was 38.89% in 6 μL volume (Figure 2B). The FFIR of 
B. cereus R19 in 10-16 μL volume was obvious lower than other volumes. The FFIR of B. 
cereus R19 in 18-24 μL volume was obvious higher than other volumes except 6 μL 
volume.  
 

Fig. 2. The effects of different amount of B. amyloliquefaciens FH1-RS1 (A) and B. cereus R19 (B) 
on far fungal inhibition rate.   

4 Discussion  
This study's findings provide compelling evidence for the biocontrol potential of Bacillus 
amyloliquefaciens FH1-RS1 and Bacillus cereus R19, demonstrating significant volume-
dependent antifungal effects against Verticillium dahliae V991. The inhibition of fungal 
growth by FH1-RS1 not only establishes a clear dose-response relationship but also 
identifies a saturation point beyond which further increases in bacterial volume do not 
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translate into increased fungal inhibition. This phenomenon is crucial for determining the 
optimal concentrations necessary for maximum biocontrol efficacy and is consistent with 
other reports of dose-dependent responses in biocontrol agents [9]. 
The variability in inhibition rates by R19 across different bacterial volumes and 
experimental replications highlights the complex interactions within the biocontrol process. 
Such variability could be attributed to local environmental conditions, microbial 
interactions, and the metabolic state of the bacterial strains, which can vary depending on 
the culture conditions [8]. The saturation effect observed with FH1-RS1 suggests that there 
is a limit to the biocontrol agent's binding sites or available nutrients, a factor that has been 
noted in other microbial biocontrol studies [7]. 
Moreover, the antifungal metabolites and antibiotics produced by these Bacillus strains play 
a significant role in their inhibitory activity [10]. B. amyloliquefaciens is known for its 
ability to induce systemic acquired resistance in plants, enhancing their defense 
mechanisms against pathogens [11]. Such mechanisms are integral to the development of 
sustainable agricultural practices that rely on natural biocontrol agents rather than chemical 
pesticides. 
The current study contributes to a growing body of literature that supports the use of 
microbial-based solutions for plant pathogen management [3]. By optimizing fermentation 
parameters and volume concentrations, the antifungal activity of these strains could be 
maximized, providing an effective and environmentally friendly alternative to traditional 
chemical fungicides. 
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