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ABSTRACT 

The worldwide demand for making agriculture greener, safer, and more efficient can be met 

aptly by the application of biopesticides. Vanillic acid is a naturally occurring versatile 

phenolic molecule with promising antifungal activity, however, there have been no studies of 

the possible use of vanillic acid for its antifungal activity against a serious soil-borne fungal 

plant pathogen namely Sclerotium rolfsii. This study was performed to assess the antifungal 

potential of vanillic acid by analyzing growth, morphological, and biochemical changes in S. 

rolfsii under laboratory conditions. The results revealed that vanillic acid (0.003-0.10 %) 

significantly reduced fungal growth, distorted fungal morphology (hyphae, and sclerotia), 

altered activity of enzymes (catalase, peroxidase, polyphenol oxidase, and phenylalanine 

ammonia-lyase). However, 0.05 and 0.10 % concentrations caused complete inhibition in the 

fungal growth. The results explained in this work serve as a basis for further research to 

formulate fungicides using vanillic acid. 

Keywords: Vanillic acid, growth inhibition, MIC, soil-borne fungus, necrotrophic fungus. 

INTRODUCTION 

Sclerotium rolfsii, is a polyphagous 

soil-borne necrotrophic fungus of over 500 

host plants, present all around the globe 

and causing vast losses by inciting crown 

blight, stem canker, damping-off of 

seedlings and, fruit rots in the plants (Rafi 

et al., 2017; Shoaib et al., 2019). S. rolfsii 

can survive several years in soil debris 

without host plants due to its hard 

sclerotial structures, which have protective 

layers of viable hyphae. Sclerotia 

germinate leading to robust infections at 

high temperatures (27 to 35 °C) and moist 

environments (Shoaib et al., 2019). 

Effective management of robust plant 

pathogens remains a significant challenge. 

So far, currently, available disease 

management options are based on 

chemical fungicides (Captan, Ridomil, 

Bayleton, Cupravit, Daconil etc.), and their 

excessive and irrational use is deteriorating 

environments (Shoaib et al., 2022). Lately, 

phytochemical compounds have been 

receiving special attention as potent 

antifungal agents (Javed et al., 2021).  

Among the different compounds, 

vanillic acid (VA) is a phenolic molecule 

(oxidized molecule of vanillin) found in 

edible plants and fruits, and is used as a 

flavoring agent, preservative, and food 

additive as well as in the production of 

polymers (e.g., epoxy resins) (Stanely et 

al., 2011; Lubbers et al., 2021). It also 

holds certain pharmacological properties 

(e.g., antioxidant, anti-inflammatory, 

immuno-stimulating, and antimicrobial) 

and exerts considerable bioactivity against 

neurodegenerative, cardiovascular, 

diabetic, cancerous, and hepatic diseases 

mailto:amna.iags@pu.edu.pk
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by inhibiting the associated molecular 

pathways (Jung et al., 2017; Kaur et al., 

2022).  

Over and above, the bioactive 

potentials of VA are evidently proven in 

the activation of defense mechanisms 

against stress, regulation of growth, and 

biochemical process in plants (Quan et al., 

2016). Exogenous application of VA has 

been documented to prompt drought 

tolerance (Quan et al., 2016; Quan and 

Xuan, 2022), and submergence stress 

tolerance in rice by increasing 

photosynthetic and anti-oxidation 

properties (Parvin et al., 2020). Being an 

excellent antioxidant, VA at low 

concentrations stimulated the germination 

and growth of tomatoes (Ghareib et al., 

2010), and quantitatively increased in 

water-stressed berry skins and fungus-

attacked tomato epicarp (Ruelas et al., 

2006). The concentrations of VA with 

some other phenolics were also roused in 

cotton and rice after the pathogen infection 

(Rehman et al., 2012). It was revealed that 

some species of Fusarium spp., such as F. 

culmorum and F. graminearum (Lanoue et 

al., 2010) were sensitive to VA, while 

other pathogenic species were able to 

degrade it (Michielse et al., 2012). 

Moreover, the exogenous application of 

VA rose the vanillin accumulation in the 

soil after continuous monocropping of 

cucumber and changed the whole fungal 

community structure (Zhou et al., 2018). 

However, the work regarding the 

antifungal activity of VA is scanty. The 

current study aimed to access the anti-

mycotic potential of VA against S. rolfsii 

by observing growth, morphological, and 

biochemical changes in the fungus.  

METHODOLOGY 

The stock solution of vanillic acid 

(VA: Sigma-Aldrich) was prepared by 

dissolving 0.5 g VA in 100 mL dimethyl 

sulfoxide, and working concentrations of 

0.003, 0.006, 0.012, 0.025, 0.050, and 0.10 

% were prepared from the stock solution. 

Malt extract agar [2 % MEA (pH: 6.5)] 

was prepared, and after autoclaving, it was 

amended with six different concentrations 

of VA. Later, VA-laden-MEA was poured 

into a 9-cm Petri dish. After solidification 

of the medium, the disc of 2 mm of S. 

rolfsii was taken from the 7-day-old pure 

culture and inoculated in the center of the 

Petri dish. The inoculated plates were kept 

for 10 days at 27 °C for observing changes 

in the growth and morphology of the 

fungus. The morphological characteristics 

of the hyphae were observed under a 

compound microscope at 10 X and 40. The 

minimum inhibitory concentration (MIC is 

the lowest concentration of VA that will 

inhibit the visible growth of a fungus after 

incubation period) of the VA was also 

recorded. The control treatments were 

devoid of VA. Each concentration was 

prepared in sets of triplicates, and the 

whole experiment was repeated thrice.  

Another set of treatments was 

prepared by adding different 

concentrations of VA i.e., 0.003, 0.006, 

0.012, 0.025, 0.050, and 0.10 % in 2 % 

ME broth (100 mL) in 250 mL conical 

flasks following the same protocol as 

described above. After inoculation of the 

fungal disc, fungal biomass was harvested 

after 10 days. The fresh fungal biomass 

was used for assessing the changes in total 

protein content and activities of catalase 

(CAT), peroxidase (POX), polyphenol 

oxidase (PPO), and phenyl-ammonia lyase 

(PAL) following the protocols of Shoaib et 

al., (2021, 2022). For measuring dry 

biomass, the fresh biomass was kept for 

drying in an oven (60 °C), and percentage 

inhibition in fungal growth (GI %) and 

tolerance indices (TI) were calculated.  
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The concentrations of VA 

inhibiting fungal growth in 50 % (effective 

concentration EC50) were measured by the 

probit method using SAS 9.1. Moreover, 

data of growth, biomass, and biochemical 

assays for the fungus was analyzed 

statistically by applying the LSD test (least 

significant difference) after one-way 

ANOVA. 

RESULTS 

Effect on Growth  

The antifungal potential of 

different concentrations (0.003, 0.006, 

0.012, 0.025, 0.050, and 0.1 %) of VA was 

checked against S. rolfsii both on agar and 

broth medium (Figure 1) and the inhibition 

in the mycelial growth (%) was variable 

for each concentration (Figure 2). On agar 

medium, the lower concentration of 0.003-

0.012% did not affect the fungal growth 

significantly, while the higher 

concentration of 0.025 % significantly 

reduced it by 40 %, and the growth was 

complexly halted at 0.050 and 0.1 % 

concentrations (Figure 2 A). The MIC 

value of VA was recorded at 0.050 %, 

where there was no visible fungal growth, 

and EC50 was found at 0.025 % as per 

probit analysis (Figure 2 B). 

Results of fungal biomass 

harvested from the broth medium showed 

that the mycelial dry weight of the S. 

rolfsii was insignificantly altered at 0.003 

to 0.012 % concentrations, while 

significantly reduced by 50 % at 0.025 % 

concentration when compared with the 

control (Figure 2 C). The mycelial dry 

weight of the pathogen was unable to 

measure when treated with 0.05 or 0.1% of 

VA, and EC50 was found at 0.020 % of VA 

in broth medium (Figure 2 D). 

Effect on Morphology 

The hypha of the fungus altered 

due to the addition of VA in the growth 

medium as compared to the control 

(Figure 3). Therefore, the normal, straight 

and obtuse hyphae turned thin, contorted, 

and pointed at 0.012 % concentration, 

which further became atrophied and 

twisted hyphae with fragmentation and 

perforations at 0.025 % concentration 

though no growth of the fungus was 

observed at 0.05 and 0.1 % of VA (Figure 

3). 

Effect on Activities of Enzymes 

The activity of enzymes (CAT, 

POX, PPO, and PAL) increased 

significantly up to 50 % at 0.003 and 0.006 

%, respectively, in contrast to the control, 

whereas at concentrations of 0.012 and 

0.025 % a less significant increase was 

observed as compared to control.  

 

Figure 1: (A & B): Growth of Sclerotium rolfsii with different concentrations of vanillic acid (VA) after 10 

days of incubation at 28 °C on 2 % malt extract agar (A) and malt extract broth (B). 
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Figure 2: (A-D): Effect of different concentrations of vanillic acid (VA) on the growth of Sclerotium rolfsii 

after incubation for 10 days at 28 ℃. A: Growth on 2 % malt extract agar; B: EC50 (effective 

concentration) of VA on agar; C:  Dried biomass on 2 % malt extract broth; D: EC50 (effective 

concentration) of VA on broth. Vertical bars show the standard error of the mean of three independent 

biological replicates (n=3) of two independent experiments. Values with a different letter at their top show 

a significant difference (P < 0.05) as determined by the LSD test. 

 

Figure 3: (A-D): Morphological characteristics of the hyphae of Sclerotium rolfsii on 2 % malt extract 

agar (MEA) supplemented with vanillic acid (VA) by light microscopy at 40× magnification.  
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Figure 4: Effect of different concentrations of vanillic acid (VA) on the biochemistry of Sclerotium rolfsii 

after incubation for 10 days at 28 ℃. CAT: catalase; POX: peroxidase; PPO: polyphenol oxidase; PAL: 

phenylalanine ammonia-lyase. Vertical bars show the standard error of the mean of three independent 

biological replicates (n=3). Values with a different letter at their top show a significant difference (P < 

0.05) as determined by the LSD test. 

As the rest of the two concentrations (0.05 

and 0.1%) completely halted the fungal 

growth, hence no biochemical parameters 

were taken at these concentrations (Figure 

4). 

DISCUSSION 

Vanillic acid (VA) is a phenolic 

compound (4-hydroxy-3-methoxy benzoic 

acid), produced by many plants as 

secondary metabolites and exhibits 

antimicrobial properties among other 

outstanding properties (Tijerina-Ramírez 

et al., 2014). This study aimed to explore 

the antifungal potential of VA against a 

phytopathogenic fungus namely S. rolfsii, 

which is responsible for huge losses in 

many economically important crops (Sana 

et al., 2017).  

The results of the present 

investigation demonstrated a significant 

inhibitory effect of VA on the growth, 

morphology, and biochemical attributes of 

S. rolfsii. As the concentration of VA 

increased (0.003, 0.006, 0.012, 0.025, 

0.050, and 0.1 %) the growth of S. rolfsii 

became less feathery and less dense, 

whereby the fungal growth was completely 

constrained at 0.025 %. The minimum 

inhibitory concentration was found at 0.05 

% VA concentration. Moreover, growth 

alterations were accompanied by an 

enhancement in the activity of CAT, POX, 

PPO, and PAL till 0.025 % VA 

concentration followed by a decline in the 

enzyme activity at latter concentrations, 

and EC50 was also found at the 0.025 % 

VA concentration. Vargas et al. (2014) 

findings ascribed the presence of aldehyde 

moiety and side-group position on the 

benzene could be responsible for the 

antimycotic potential of VA against many 

fungal species (Sanchez-Medina et al., 

2010; Tapwal et al., 2011). Ramírez et al. 

(2004) described a reduction in the growth 

and metabolism of Fusarium graminearum 

due to alteration in the physiology of the 

organism, which may lead to higher 

oxidative stress and cell injury (Shoaib et 

al., 2022). Tijerina-Ramírez et al. (2014) 

stated that the failure of the fungus to 

sustain a positive tannin pressure in the 
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mycelium could be responsible for the 

interruption in the water availability in the 

presence of VA in the growth medium. 

Therefore, the study might be suggested 

that adsorption/penetration of VA into the 

hyphal cell surface altered cellular 

metabolism, which altered fungal growth 

and adversity leading to fragmentation and 

perforations to complete inhibition in the 

fungal hyphal growth at 0.05 % VA 

concentration due to oxidative injury. 

CONCLUSION 

The results showed that vanillic 

acid (0.003-0.025 %) altered fungal 

morphology by fragmentation and 

distortion of hyphae, which caused 

alteration in enzymatic activity and 

reduction in the fungal growth with 

increasing concentration. The fungal 

growth was completely inhibited at 0.05 % 

concentration. Therefore, vanillic acid 

could be used in fungicide formulation to 

manage diseases caused by S. rolfsii in 

plants. 
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