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Wood vinegar, also known as pyroligneous acid (PA), is a liquid mixture with organic properties 

obtained from the condensation of smoke produced by the charring or pyrolysis of wood. The aim 

of this study was to determine the in vitro antibacterial activity of three different PAs obtained from 

the pyrolysis of apricot kernels (AKPA), hazelnut shells (HSPA), and kermes oak (OPA) against 

bacterial plant pathogens species such as Curtobacterium flaccumfacies pv. flaccumfaciens, 

Pectobacterium carotovorum subsp. carotovorum, Pseudomonas syringae pv. phaseolicola and 

Bacillus pumilus. The antibacterial activity of wood vinegar on development of disease agents were 

evaluated by measuring the inhibition zone diameters (IZ) under in vitro conditions by using disk 

diffusion technique. According to the mean IZ, HSPA was the most effective PA causing 20.34 mm 

mean IZ, followed by AKPA and OPA PAs with 20.13 and 19.34 mean IZ, respectively. The highest 

antibacterial activity was shown by HSPA against C. flaccumfacies pv. flaccumfaciens with the 

diameter of 24.17 mm IZ, followed by AKPA and OPA treatments with 23.33 and 21.17 mm IZ, 

respectively. The most susceptible bacterial pathogens against C. flaccumfacies pv. flaccumfaciens 

with a 22.89 mm mean IZ, followed by Pectobacterium carotovorum subsp. carotovorum, 

Pseudomonas syringae pv. phaseolicola and B. pumilus with 19.89, 18.50 and 18.44 mm mean IZ, 

respectively. C. flaccumfacies pv. flaccumfaciens was found to be the most sensitive to the three 

PAs used in the study. The results showed that wood vinegar has a great antibacterial potential to 

be used as a bio-bactericide against important plant bacterial disease agents. 
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Introduction 

Plants are key providers of natural resources such as 

water and nutrients, and therefore interact with a wide 

range of plant pathogenic species. Nowadays, 

approximately 350 bacterial pathogen species known to 

infect plants have been identified, primarily belonging to 

the phylum Proteobacteria, Actinobacteria, and Firmicutes 

(Young et al., 1996; Bull et al., 2012; Bull et al., 2014). 

Bacterial pathogens in plants cause a wide range of 

disease symptoms depending on their pathogenicity 

factors, including soft rots, leaf spots and blights, wilting, 

and hypertrophic abnormalities such as galls and tumours 

(Dow & Slater, 2003; Brown & Kinden, 2005). 

Pectobacterium carotovorum subsp. carotovorum (Pcc) 

(Gerayeli et al., 2018; Alinejad et al., 2020) and Bacillus 

pumilus (Bp) (Yahyaoui et al., 2023), which are 

responsible for soft rot disease, produce pectolytic 

enzymes that lead to water-soaked rotting beginning below 

soil level. 

This condition is characterized by brown to black 

discoloration at the base of the stem. As the disease 

progresses, the rot spreads upward along the stem, and 

browning of the vascular tissues becomes evident (Helias 

et al., 2012). Bacterial wilt disease observed in beans is 

caused by the gram-positive bacterium Curtobacterium 

flaccumfaciens pv. flaccumfaciens (Cff). The disease show 

chlorotic and necrotic lesions on the leaves, general 

wilting, and eventually plant death (Harveson et al., 2015). 

Bacterial halo blight, a disease that causes significant 

economic losses, especially in regions with high 

temperatures and relative humidity, is caused by 

Pseudomonas syringae pv. phaseolicola (Psp) (Fourie, 

2002; Almeida et al., 2015). This disease begins with 

water-soaked lesions on leaves and pods, later leading to 

systemic chlorosis and severe yield reduction. In advanced 

stages, defoliation, as well as flower and fruit loss, are 

commonly observed (Brown & Kinden, 2005). 

http://creativecommons.org/licenses/by-nc/4.0/
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In sustainable agricultural practices, the primary 

objective is to achieve high yield and quality production 

without disrupting ecological balance. Within this 

framework, plant-based products, various microbial 

biocontrol agents, and nanoparticles have emerged as 

promising alternatives to synthetic pesticides for 

combating fungal and bacterial plant diseases (Hagner, 

2013; Bozkurt et al., 2020; Soylu et al., 2021; Şahin et al., 

2022; Soylu et al., 2022a; Türkmen et al., 2022; Atay & 

Soylu, 2023; Soylu et al., 2024). The production of 

botanical pesticides involves a variety of plant species and 

production technologies, and their use in agriculture has 

gained increasing importance (Tiilikkala et al., 2010). In 

this context, natural products such as wood vinegar have 

attracted attention due to their low toxicity and biological 

efficacy. Pyroligneous acid (PA), a complex liquid 

obtained during the pyrolysis of wood and agricultural 

waste, contains water as well as various organic 

compounds such as organic acids (particularly acetic acid), 

phenolic compounds, aldehydes, and ketones. Its 

antibacterial effect is largely attributed to its low pH, 

phenolic content, and aldehyde concentration (Fengel & 

Wegener, 1984; Kara et al., 2024). The low pH disrupts 

bacterial cell membrane integrity, while phenolic 

compounds alter membrane permeability and interfere 

with enzymatic activities (de Souza et al., 2018; Medeiros 

& Gasparotto, 2022). Additionally, aldehydes and ketones 

can denature bacterial proteins, thereby negatively 

affecting cellular metabolism. Owing to the synergistic 

effects of these compounds, pyroligneous acid exhibits 

inhibitory activity against various phytopathogenic 

bacteria and is considered a potential biopesticide 

candidate (Baharom et al., 2020). 

In this study, the antibacterial activity of wood vinegars 

derived from different plant-based sources, namely apricot 

kernel (AKPA), kermes oak (OPA), and hazelnut shell 

(HSPA) was evaluated in vitro against major plant 

pathogenic bacteria, including Bacillus pumilus, 

Curtobacterium flaccumfaciens pv. flaccumfaciens, 

Pectobacterium carotovorum subsp. carotovorum, and 

Pseudomonas syringae pv. phaseolicola. The assessment 

was conducted using the disk diffusion method by 

measuring inhibition zone diameters. 

 

Materials and Methods 

 

Wood Vinegars Used in the Study 

The wood vinegars used in this study, apricot kernel 

(AKPA), kermes oak (OPA), and hazelnut shell (HSPA) 

were obtained from a local company based in Mersin, 

Türkiye, which produces biochar and wood vinegar 

through a gasification process conducted at 450°C. 

 

Isolation of Bacterial Disease Agents 

Pathogenic bacterial isolates were obtained directly 

from infection sites on surface-sterilized potato and bean 

plants and cultured on general (Tryptic Soy Agar, TSA) 

and selective (King’s B Agar, KB) media (Soylu et al., 

2024). Petri dishes were incubated at 25°C for 24-48 hours. 

Bacterial isolates exhibiting different colony morphologies 

were subcultured from single colonies onto TSA, 

following the procedures described by Lelliott & Stead 

(1987). 

Preliminary identification of the isolates was conducted 

based on colony color and shape, cell morphology, Gram 

reaction, oxidase and catalase activities, and levan 

formation, using biochemical tests as outlined by Lelliott 

& Stead (1987). All isolates derived from single colonies 

were initially screened using the Hypersensitive Reaction 

(HR) test on tobacco leaves, followed by soft rot assays on 

potato tissues. Pathogenicity tests for representative 

isolates were conducted on their original host plants. Two-

day-old bacterial colonies were collected with sterile 

toothpicks and inoculated directly onto the stems, tubers, 

or fruits of the host plants. The inoculated sites were sealed 

with parafilm. Plant tissues were then placed in transparent 

storage boxes and incubated at 25°C for 3 days. At the end 

of the incubation period, the formation of soft rot lesions at 

the inoculation sites was examined (Öztürk & Soylu, 

2022). 

 

Identification of Bacterial Disease Agents 

Morphological and biochemical identifications of the 

bacterial isolates were confirmed using the MALDI-TOF 

Biotyper (Bruker Daltonics GmbH, Bremen, Germany) 

identification system (Pavlovic et al., 2012). The bacterial 

isolates were cultured on TSA for 24-48 hours. For protein 

extraction, the ethanol-formic acid protocol was employed 

(Soylu et al., 2022b). Specific protein spectra were 

obtained using the MALDI-TOF Biotyper system. The 

acquired spectra were compared with reference spectra in 

the instrument’s microbial library, and species-level 

identification was performed using the MALDI Biotyper 

Real-Time Classification (RTC) software (Biotyper 3.0; 

Microflex LT; Bruker Daltonics GmbH, Bremen, 

Germany) (Soylu et al., 2023). 

 

Antibacterial Activity of Wood Vinegars in vitro 

Conditions 

The in vitro antibacterial activity of each wood vinegar 

(AKPA, OPA, HSPA) was determined using the disk 

diffusion method on petri dishes (Bozkurt et al., 2020). A 

volume of 200 μL of bacterial suspension, prepared as 

previously described, was evenly spread onto the surface 

of petri dishes containing TSA medium. Sterile filter paper 

disks (6 mm in diameter) were placed onto the agar surface, 

and 5 μL of wood vinegar was applied to each disk. The 

petri dishes were sealed with sterile parafilm and incubated 

at 25°C for 48 hours. For the negative control, sterile filter 

paper disks impregnated with distilled water were used. As 

a positive control, disks impregnated with an antibiotic 

solution (Streptomycin Sulfate, Sigma, 100 µg/mL) were 

applied. The antibacterial efficacy of the wood vinegars 

was assessed by measuring the diameter of the inhibition 

zones formed around the disks after 48 hours of incubation. 

 

Statistical Analysis 

In vitro antibacterial activity assays for each wood 

vinegar/bacterial isolate combination were performed with 

at least three replicates, and the experiment was repeated at 

two different time points. One-way analysis of variance 

(ANOVA) was applied to the data obtained from the 

assays. Differences among treatments were analyzed using 

Duncan’s Multiple Range Test (P ≤ 0.05) with SPSS 

statistical software (SPSS Statistics 17.0). 
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Results and Discussion

The isolated bacteria were identified and confirmed 

using the MALDI-TOF Biotyper identification system 

(Bruker Daltonics GmbH, Bremen, Germany). Based on 

the identification results, the pathogenic bacterial isolates 

obtained from the potato were identified as Bacillus 

pumilus (Bp) and Pectobacterium carotovorum subsp. 

carotovorum (Pcc), while the isolates obtained from the 

bean were identified as Curtobacterium flaccumfaciens pv. 

flaccumfaciens (Cff) and Pseudomonas syringae pv. 

phaseolicola (Psp). 

The in vitro antibacterial effects of different plant-

based wood vinegars were determined using the disk 

diffusion method. The antibacterial activity of each wood 

vinegar, applied at the same dosage, against bacterial plant 

pathogens was evaluated by measuring the diameters of the 

inhibition zones formed on the culture medium. The results 

obtained are presented in Table 1. 

The inhibition findings obtained from the in vitro 

efficacy assays demonstrated that different wood vinegars 

exhibited significant antibacterial activity against plant 

pathogenic bacteria. In particular, wood vinegars derived 

from AKPA, OPA, and HSPA showed marked 

antibacterial effects against C. flaccumfaciens pv. 

flaccumfaciens. Among these, HSPA exhibited the highest 

antibacterial activity, with an inhibition zone diameter of 

24.17 mm, followed by AKPA (23.33 mm) and OPA 

(21.17 mm), respectively (Table 1, Figure 1). The effects 

of wood vinegars on P. savastanoi pv. phaseolicola and B. 

pumilus isolates were found to be relatively similar, with 

inhibition zone diameters generally ranging between 18 

and 19 mm. Notably, the wood vinegars exhibited higher 

antibacterial activity against P. carotovorum subsp. 

carotovorum compared to the antibiotic control, 

highlighting a particularly significant finding. Overall, 

HSPA was identified as the most effective among the 

tested wood vinegars. These results suggest that wood 

vinegars, especially HSPA, may serve as potential 

biobactericides and offer a promising alternative to 

synthetic antibacterial agents for the control of plant 

bacterial diseases. 

The antimicrobial, antioxidant, and anti-inflammatory 

activities of wood vinegar have been primarily investigated 

against human- and foodborne microbial pathogens (de 

Souza et al., 2018; Medeiros & Gasparotto, 2022). 

 

 

Table 1. The antibacterial activities of different wood vinegars against plant pathogenic bacterial disease agents (mm). 

 Bacterial agents and diameters of inhibition zone (mm) 

Application Psp Bp Pcc Cff 

AKPA 18.17bA 18.67bA 20.33cB 23.33cC 

OPA 18.17bA 18.50bA 19.50cAB 21.17bB 

HSPA 19.17bcA 18.17bA 19.83cA 24.17cB 

Control 0.00aA 0.00aA 0.00aA 0.00aA 

Antibiotic 20.00cB 22.17cC 13.17bA 27.33dD 
AKPA: Apricot kernel PA; OPA: Kermes oak PA; HSPA: Hazelnut kernel PA; The same lowercase and uppercase letters next to the mean values 
presented within columns and rows indicate that the differences between treatments are not statistically significant, according to Duncan’s Multiple 

Range Test (P ≤ 0.05). 

 

 

 
Figure 1. The antibacterial activity of wood vinegars against Pseudomonas syringae pv. phaseolicola, 

Pectobacterium carotovorum subsp. carotovorum, Curtobacterium flaccumfaciens pv. flaccumfaciens, and Bacillus 

pumilus. 
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Due to its synergistic effects, pyroligneous acid has 

been shown to exhibit inhibitory activity against many 

phytopathogenic bacteria and is considered a potential 

biopesticide candidate (Baharom et al., 2020). Previous 

studies have demonstrated that various plant-derived wood 

vinegars possess antifungal activity against plant 

pathogenic fungi, as shown through in vitro dual culture 

assays and in vivo experiments (Bouket et al., 2023; Kara 

et al., 2024; Zhou et al., 2024). In a similar study conducted 

by Öğün and Koç (2019), the antibacterial potential of 

wood vinegars derived from hazelnut shells and poultry 

manure was evaluated against certain plant pathogenic 

bacteria. The test microorganisms included Erwinia 

amylovora, Pseudomonas syringae pv. lachrymans, and 

Xanthomonas axonopodis pv. phaseoli. According to the 

results, the bacteria exhibited resistance to the wood 

vinegar derived from poultry manure. However, wood 

vinegar obtained from hazelnut shells inhibited Erwinia 

amylovora at 40% and 50% dilutions, while P. syringae pv. 

lachrymans and X. axonopodis pv. phaseoli were inhibited 

at 30%, 40%, and 50% dilution levels. 

In line with the growing interest in biologically derived 

plant protection products in recent years, this study 

evaluated the in vitro antibacterial effects of wood vinegars 

produced from apricot kernels, kermes oak, and hazelnut 

shells against C. flaccumfaciens pv. flaccumfaciens, P. 

carotovorum subsp. carotovorum, P. syringae pv. 

phaseolicola, and B. pumilus. According to the current 

literature review, this study is the first to report the 

antibacterial activity of wood vinegar against the specific 

bacterial pathogens tested. The results demonstrated that, 

in addition to their known antifungal activity against 

phytopathogenic fungi, wood vinegars also possess 

significant biobactericidal properties. These findings are 

expected to contribute to the development of biologically 

based alternatives for reducing the use of chemical 

pesticides in plant disease management and to offer a novel 

perspective for future biocontrol research targeting 

bacterial plant pathogens. 
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