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ABSTRACT – Plant growth-promoting rhizobacteria (PGPR) are a group of bacteria that colonize plant roots 

and enhance plant growth by a diverse range of mechanisms and activate plant defense against microbial 

pathogens. In addition, volatile organic compounds (VOCs) are low-molecular-weight, carbon-containing 

compounds that evaporate easily at normal temperature and pressure. These compounds are biodegradable and 

can be as effective in disease control as conventional fungicides. In this study, a total of ten rhizospheric microbes 

were screened in vitro for their antagonistic effects against Phytophthora palmivora, the causal agent of Black 

Pod disease in cocoa. The effects of these rhizospheric microbes differed significantly in terms of their ability to 

inhibit the radial growth of P. palmivora after 168 hours of incubation using the dual culture method. After 168 

hours of incubation, bacterial strain B2 were identified as the most promising antagonists against P. palmivora, 

achieving 58.71% inhibition of radial growth followed by B7 (57.59%) and B10 (56.10%). Further analysis of 

the volatile compound production potential of these three promising rhizospheric microbes revealed that volatile 

compound production was inversely proportional to the growth of P. palmivora and directly proportional to the 

percentage of inhibition.  
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INTRODUCTION 
 
Contemporary agricultural research has increasingly 

focused on the multifaceted roles of plant-associated 

microorganisms in providing comprehensive protec-

tion against diverse environmental stresses, encom-

passing both biotic threats from pathogenic organisms 

and abiotic challenges arising from environmental fluc-

tuations. Within the complex and dynamic soil micro-

bial ecosystem, Plant Growth Promoting Rhizobacteria 

(PGPR) have emerged as the most prominent and in-

fluential beneficial microorganism, distinguished by 

their remarkable ability to establish sophisticated sym-

biotic relationships with plant root systems through in-

tricate molecular communication networks (Mitra et 

al., 2024).  

  

 These specialized rhizobacteria possess 

demonstrated efficacy in multiple aspects of plant 

health enhancement, including the promotion of robust 

plant developmental processes, significant improve-

ment in nutrient acquisition efficiency from soil sub-

strates, and substantial strengthening of plant defense 

mechanisms against a wide spectrum of pathogenic or-

ganisms (Backer et al., 2018). The multifaceted bene-

fits provided by PGPR extend beyond direct plant 

growth promotion, encompassing complex biochemi-

cal interactions that fundamentally alter the rhizo-

sphere environment.  

 

 One of the most distinctive and scientifically 

significant characteristics of PGPR is their remarkable 

capacity to synthesize and release diverse arrays of vol-

atile organic compounds (VOCs) (Jishma et al., 2017). 

These bioactive molecules, characterized by their rela-

tively low molecular weight and inherent tendency to 

readily volatilize under standard ambient temperature 

conditions, represent a sophisticated chemical commu-

nication system within the soil ecosystem (Gouda et 

al., 2018). The continuous biosynthesis and emission 

of VOCs by rhizobacteria populations contribute sub-

stantially to the structural complexity and functional 

diversity of the soil microbiome, thereby serving as key 

modulators of fundamental ecosystem processes in-

cluding nutrient cycling dynamics, soil health mainte-

nance, and microbial community stability (Baloch et 

al., 2024).  
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The biological control of plant disease repre-

sents a sophisticated ecological phenomenon encom-

passing multiple interconnected and synergistic mech-

anisms. These complex processes include competitive 

exclusion strategies for limited nutrients and available 

ecological niches, strategic secretion of specific extra-

cellular enzymes capable of degrading pathogen struc-

tures, and the targeted biosynthesis of potent antimicro-

bial compounds including both antibiotics and volatile 

organic compounds. Within these intricate biological 

control frameworks, VOCs have garnered scientific at-

tention due to their unique properties as low-molecu-

lar-weight organic compounds characterized by high 

vapor pressure and broad-spectrum antimicrobial ac-

tivity. These volatile compounds have progressively 

emerged as crucial and highly effective biocontrol 

agents in the sustainable management of various plant 

pathogens, offering environmentally friendly alterna-

tives to conventional chemical pesticides while main-

taining high efficacy in pathogen suppression and plant 

protection (Ling et al., 2022). 

  

Of agricultural significance is the application 

of PGPR-derived VOCs in controlling P. palmivora, a 

devastating hemibiotrophic oomycete pathogen that 

represents one of the most economically important 

threats to cocoa (Theobroma cacao. L) production 

worldwide (Thomas et al., 2011). P. palmivora is ca-

pable of infecting host tissue through specialized infec-

tion structure including germ tubes, appressoria, and 

haustoria, which facilitate both adherence and nutrient 

extraction during its hemibiotrophic colonization and 

infected over 200 plants species and causes significant 

damage to cocoa plants, particularly through black pod 

disease, resulting in approximately 20-30% of global 

crop loss (Perrine-Walker, 2020) and can lead to up to 

10% tree mortality each year (Guest, 2007). 

 

 The application of PGPR VOCs against P.  

palmivora represents a promising biocontrol strategy 

that operates through multiple inhibitory mechanisms. 

Studies on in vitro assays have shown that endophytic 

bacterial isolates from cocoa rhizosphere and root tis-

sues particularly Pseudomonas aeruginosa AS1 and 

Chryseobacterium proteolyticum AS2 can inhibit P.  

palmivora radial growth by over 80%, with volatilome 

profiling highlighting VOCs as key antagonistic agents 

(Alsultan et al., 2019). Research has verified the pres-

ence of Phytophthora species, suggesting that VOCs 

can disrupt critical developmental processes essential 

for pathogen establishment and proliferation (Syed-

Ab-Rahman et al., 2019) 

  

The effectiveness of PGPR VOCs in retarding 

P. palmivora growth extends beyond direct antimicro-

bial activity, encompassing interference with zoospore 

motility, disruption of appressorium formation, and in-

hibition of houstorium development. These multifac-

eted inhibitory effects collectively contribute to the re-

duction of disease incidence and severity, offering sus-

tainable protection for cocoa crops against this eco-

nomically devastating pathogen while promoting over-

all plant health and productivity (Penaud et al., 2025). 

Therefore, this study was carried out to evaluate the po-

tential of PGPR to exhibit antagonistics effects against 

P. palmivora in the laboratory at the Cocoa Research 

and Development Centre, Jengka, Pahang. 

  
 
MATERIALS AND METHODS 
 
This study was conducted at the Cocoa Research and 

Development Centre (CRDC), Jengka, Pahang. Root 

samples were collected from three locations within the 

CRDC field plot. The samples were obtained from 

healthy, mature cocoa trees (20-25 years old) with 

yields exceeding 0.5 tonnes per hectare and no signs of 

Vascular Streak Dieback or Black Pod disease. Root 

segments (10-15 cm) were excavated from the intact 

root system at a distance of 45-60 cm from the tree base 

using a surface-sterilized hoe. From these samples, a 

total of ten rhizosphere microbes were isolated and 

subsequently screened in vitro for their antagonistic ac-

tivity using the dual culture method as described by Ra-

jani et al. (2021). 

   

 Culture disc (5mm diameter) of both P.  

palmivora nd the PGPR isolates were excised from the 

margins of seven-day old active cultures using a sterile 

cork borer. These discs were then placed on PDA me-

dium contained in petri plates (90mm diameter) on op-

posite sides approximately 10mm from the edge of the 

plate, while rhizosphere bacterial isolates were 

streaked on the opposite side of the petri plate. A con-

trol plate containing only the test pathogen was pre-

pared for comparison.  

All plate was wrapped with parafilm and 

incubated at room temperature (29°C-33°C) under 12 

h of light/dark cycles. A total of 132 plates were 

prepared for this experiment, corresponding to 11 

experimental treatments, corresponding to 11 

experimental treatments (10) rhizospheric microbes 

and 1 control) with 12 replications per treatment. The 

experimental treatments were arranged in a Completely 

Randomized Design (CRD). Antagonistics effects 

were recorded every 24 hours for a total of 168 hours 

by measuring the radial growth of P. palmivora. The 

percentage of growth inhibition was then calculating 

using the following formula: 

Inhibition rate (%) = Growth in control-growth in treatment   x 100 

                                                 Growth in control 

 
Data concerning mycelial inhibition were 

subjected to Analysis of Variance (ANOVA). The 

means obtained were subsequently compared using the 
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Duncan Multiple Range Test (DMRT) at a significant 

level of p≤0.05. All statistical analyses were performed 

using the RStudio (Version 2024.12.1 Build 563). 

 

RESULTS AND DISCUSSIONS 
 
The antagonistic effects of ten rhizosphere isolates 

against P. palmivora were evaluated through volatile 

organic compound (VOCs) production in vitro. A one-

way Analysis of Variance (ANOVA) confirmed that 

there were significant differences (p<0.05) among the 

treatments. 

 

 The complete data and statistical details are 

presented in Table 1. Based on the post-hoc test, the 

isolates were categorized into three main performance 

groups. The highest performing group consisted of iso-

lates B2 (58.71%), B7 (57.59%), and B10 (56.10%). 

This was followed by an intermediate group of five iso-

lates showing moderate inhibition. The lowest per-

forming group consisted of isolates B9 (49.22%) and 

B3 (49.03%), which were significantly less effective 

than the highest performing group. Critically, all ten 

isolates were significantly more effective at inhibiting 

P. palmivora growth compared to the control. Our find-

ings align with previous research by Pengnoo et al., 

(2025), who documented that native rhizospheric mi-

crobes isolated from soil can effectively inhibit P.  

palmivora growth.  

 

Table 1: Percentage of mycelial growth inhibition of P. 

palmivora by VOCs from ten rhizospheric bacterial 

isolates. 

No. Bacterial 

isolates 

Mean inhibition rate 

(%) 

1. B2 58.71a 

2. B7 57.59ab 

3. B10 56.10ab 

4. B4 55.17abc 

5. B6 54.80abc 

6. B1 53.87abc 

7. B8 52.75abc 

8. B5 51.45bc 

9. B9 49.22c 

10. B3 49.03c 

11. Control 0.00d 

*Means in the same column followed by the same letter are 

not significantly different based on DMRT at p<0.05. SEd 

(Standard Error of difference) =0.104; CD (Critical Differ-

ence) =0.21. 

 

CONCLUSIONS 
 
This study highlights the significant potential of native 

plant growth promoting rhizobacteria (PGPR) as bio-

logical control agents against P. palmivora, the patho-

gen responsible for black pod disease. All tested PGPR 

isolates demonstrated antagonistic activity in vitro, 

with ten isolates inhibiting mycelial growth by 49.70% 

to 58.71%. These findings align with previous research 

on rhizosphere microbes and provide further evidence 

that PGPR can serve as effective alternatives to chem-

ical fungicides. The antagonistic properties of these mi-

crobes are likely related to their ability to efficiently 

colonize the rhizosphere and produce antifungal sec-

ondary metabolites. Overall, this research offers valua-

ble insights into sustainable disease management strat-

egies that can reduce reliance on chemical fungicides 

and promote environmentally friendly cocoa produc-

tion.   
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