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Abstract. Effective management of bacterial panicle blight (BPB) is critical to 
minimise yield losses, yet current strategies are limited by a scarcity of resistant 
rice cultivars. In some countries, oxolinic acid is used to control BPB; however, 
its use in agriculture remains unregistered in several others. Sustainable 
alternatives are therefore urgently needed for effective BPB management. This 
study evaluated the field efficacy of bioformulations consisting of the 
antagonistic bacterium Bacillus sp. B1-2-11 and chitosan nanoparticles (CNP) 
for managing BPB in paddy rice. Field experiments were conducted during the 
2025 off-season at MARDI Seberang Perai using an open-field, small-scale 
cultivation system. The treatments evaluated the formulations administered 
either as individual or combined applications via an initial seed treatment and 
two subsequent foliar applications. Results were compared against current 
standard operating procedures (SOP) using copper bactericide and the antibiotic 
oxolinic acid. All bioformulated treatments reduced BPB incidence and severity 
compared to the untreated control. The combined seed and foliar application of 
Bacillus sp. B1-2-11 achieved the lowest disease incidence (19.9%) and 
severity score (2.5), demonstrating comparable efficacy to commercial 
standards. As for productivity, the Bacillus sp. B1-2-11 + CNP treatment 
achieved the numerically highest grain yield of 7.74 t/ha among the bio- and 
nano-based treatments, closely matching the copper SOP (7.97 t/ha) and 
oxolinic acid SOP (7.50 t/ha). These findings indicate that the integrated nano- 
and bio-based formulation offers a promising, environmentally sustainable 
alternative to chemical solutions for BPB management, providing effective 
disease suppression while maintaining grain yield under field conditions. 

Keywords: Plant growth-promoting bacteria, nanotechnology, Oryza sativa  
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1 Introduction 

Bacterial panicle blight (BPB) is primarily caused by Burkholderia glumae and has 
emerged as an important rice disease worldwide. Symptoms of BPB include seedling 
rot, panicle blighting, grain discoloration, poor grain filling and reductions in grain 
quality and yield [1,2].  BPB can cause severe yield losses, reaching up to 75% in 
heavily affected fields, while also reducing grain and milling quality [3,4]. Disease 
development is favoured by high temperatures combined with high relative humidity, 
particularly around the heading stage [5,6]. The increasing occurrence of high-
temperature conditions associated with climate change may further favour BPB 
development and increase its importance in rice-producing regions.  
 

In Malaysia, bacterial panicle blight was first detected in Sungai Acheh, Penang, in 
December 2017, affecting nearly 445 hectares of paddy fields nationwide [7]. In spite 
of its economic importance, there are few control measures for this disease. There is 
no known complete resistance to this disease, and only a few partially resistant 
varieties are commercially available [8]. Oxolinic acid has been used effectively for 
BPB management in Japan; however, its agricultural use remains unregistered in 
several countries, while the occurrence of oxolinic acid-resistant strains further limits 
its effectiveness [9,10]. Although copper and copper-containing bactericides have 
been reported to be effective for BPB control, their application may cause varying 
degrees of phytotoxicity on treated leaves and panicles and, under certain 
environmental conditions, reduce grain yield [11,12].  In light of these limitations, 
there is an urgent need to develop sustainable alternative strategies for BPB 
management. 

 
Antagonistic bacteria isolated from the plant surfaces, soil, and rhizosphere have 

been extensively used to control major crop diseases caused by various fungal and 
bacterial pathogens [13,14]. Rhizobacteria suppress plant pathogens through several 
mechanisms, including the induction of systemic resistance, interference with the 
quorum-sensing systems and changing microbial balance in the rhizosphere in favour 
of beneficial microbes [15]. The potential of bacterial antagonists for BPB 
management has been demonstrated in several studies under both controlled and field 
conditions. Earlier studies demonstrated that antagonistic Pseudomonas, avirulent 
Burkholderia and Bacillus strains could reduce BPB or related seedling disease under 
field conditions [16, 17, 18]. Recent studies have demonstrated the potential of 
diverse bacterial biocontrol agents for BPB management. Bacillus velezensis IBUN 
2755 suppressed B. glumae through mechanisms associated with surfactin production 
and induced resistance, while Streptomyces spp. reduced disease severity and 
promoted rice growth under greenhouse conditions [19,20]. Rice-associated 
endophytic bacteria have also shown potential to reduce B. glumae pathogenicity 
while enhancing seedling vigour [21]. These findings indicate that bacterial biocontrol 
agents may provide benefits beyond pathogen suppression by promoting plant growth 
and productivity, supporting their potential as sustainable alternatives for BPB 
management. An effective biological control strategy should therefore provide 
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consistent disease suppression under field conditions while maintaining crop 
productivity. 

 
In our previous study, rhizobacteria isolated from paddy soils in Johor were 

screened for growth inhibition and quorum-quenching activities against the locally 
isolated B. glumae strain BG35 [22]. Among the isolates evaluated, Bacillus sp. B1-2-
11 exhibited both antagonistic and quorum-quenching activities and was identified as 
a promising candidate for biological control of BPB. This isolate was subsequently 
selected for formulation development and field evaluation in the present study. 
 

Building upon these findings, chitosan nanoparticles (CNP) were investigated as a 
complementary component of the Bacillus-based formulation to enhance its efficacy 
against BPB. Owing to their high surface area, positive surface charge, and nanoscale 
size, CNP possess unique physicochemical properties that enhance interactions with 
plant tissues and improve biological activity [23]. In addition to their direct 
antimicrobial activity against plant pathogens, CNP can induce plant defence 
responses, promote plant growth, and enhance tolerance to abiotic stress [24,25]. 
Therefore, combining beneficial Bacillus spp. with CNP may provide synergistic 
disease suppression by integrating microbial antagonism with the antimicrobial and 
defence-inducing properties of CNP. 

 
Previous field studies conducted outside Malaysia have demonstrated the potential 

of antagonistic bacteria to suppress bacterial panicle blight. Nevertheless, the 
performance of biological control agents can be influenced by environmental 
conditions, pathogen populations, rice genotypes and crop management practices. 
Despite the occurrence of BPB in Malaysia since 2017, field-based evidence on the 
efficacy of locally derived bacterial antagonists against B. glumae under Malaysian 
rice-growing conditions remains limited. Local field validation is therefore important 
to determine whether promising biocontrol agents identified under controlled 
conditions can provide consistent disease suppression while maintaining crop 
productivity. 

 
Furthermore, although nanotechnology-based approaches have increasingly been 

explored for plant disease management, the integration of beneficial bacteria with 
nanomaterials for BPB management remains underexplored. In particular, the field 
performance of formulations combining bacterial biocontrol agents with chitosan 
nanoparticles has yet to be adequately evaluated. Field validation of such integrated 
approaches is therefore needed to determine whether their complementary biological 
activities can translate into effective BPB suppression and sustained rice productivity 
under field conditions. 

 
Therefore, this study evaluated the efficacy of Bacillus sp. B1-2-11, alone and in 

combination with chitosan nanoparticles, for the management of bacterial panicle 
blight under Malaysian field conditions. Disease incidence, disease severity and grain 
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yield were assessed to determine the potential of the integrated nano- and bio-based 
approach as a sustainable strategy for BPB management. 

2 Materials and Methods 

2.1 Preparation of Field Formulations 

Preparation of Bacillus sp. Culture  
The bacterial isolate Bacillus sp. B1-2-11, previously identified in our laboratory by 
16S rRNA gene sequencing and shown to exhibit quorum-quenching activity against 
Burkholderia glumae, was selected for field evaluation based on promising results 
obtained in preliminary controlled-environment experiments. 
 

For field application, the bacterial culture was first propagated in Luria–Bertani 
(LB) broth using a flask culture system to prepare the starter inoculum. The starter 
culture was subsequently scaled up in a 10 L bioreactor containing 9 L of sterile LB 
broth and incubated at 37 °C under continuous agitation for 6 h. Bacterial growth was 
monitored by measuring optical density at 600 nm (OD₆₀₀) and colony-forming units 
(CFU mL⁻¹) at hourly intervals. The culture was harvested at the end of the 
exponential growth phase and used for preparation of the field formulation. 
 
Preparation of Chitosan Nanoparticles 
Chitosan nanoparticles (CNP) were prepared using the ionic gelation method of 
chitosan with sodium tripolyphosphate (TPP) as previously described [26]. Briefly, a 
0.5% (w/v) chitosan solution was prepared in 1% (v/v) glacial acetic acid, while a 
0.7% (w/v) TPP solution was prepared in distilled water. The pH of the chitosan and 
TPP solutions were adjusted to 5.0 and 2.0, respectively, prior to nanoparticle 
synthesis. Chitosan nanoparticles were formed by the dropwise addition of TPP into 
the chitosan solution at a chitosan-to-TPP ratio of 2.4:1 under continuous stirring. The 
prepared CNP had a mean particle size of 62.60 ± 1.99 nm with a polydispersity index 
(PDI) of 0.203 ± 0.02, as determined by dynamic light scattering (DLS), and were 
subsequently used for preparation of the field formulations. 
 
2.2 Field evaluation of Bacillus sp. and chitosan nanoparticle formulations 

against BPB 

The field efficacy of Bacillus sp. B1-2-11 and chitosan nanoparticle (CNP) 
formulations for the management of BPB was evaluated at MARDI Seberang Perai, 
Pulau Pinang, Malaysia. The susceptible rice variety MARDI Siraj 297 was used 
throughout the study. Field evaluations were conducted over two consecutive planting 
seasons, namely the off-season (OS2025; April–August 2025) and the main season 
(MS2025/2026; October 2025–February 2026). Although field evaluations were 
conducted over two consecutive planting seasons, only the results from the first 
planting season (OS2025) are presented in this paper, while the second season served 
to verify the reproducibility of the findings. 
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Experimental Design   
The field trial was conducted in a randomised complete block design (RCBD) with 
four replications. Individual plots measured 4 m × 4 m, and 18–21-day-old seedlings 
were transplanted at three seedlings per hill. Standard agronomic practices were 
followed throughout the study. Fertiliser was applied at a rate of 140 kg N, 70 kg P 
and 80 kg K ha⁻¹, while insect pests were managed to maintain non-target pest 
infestation below 5%. 
 
Treatments and Application 
Eight treatments were evaluated, comprising an untreated control, CNP alone, 
Bacillus sp. B1-2-11 alone, combined Bacillus sp.–CNP formulations, and two 
commercial standards (copper- and oxolinic acid-based products). Treatments were 
applied either as seed treatment alone or as a combination of seed treatment and foliar 
sprays at the booting and panicle emergence stages. For seed treatment, 1.5 L of 
formulation was used to treat 2 kg of rice seed prior to sowing. Details of the 
treatments and application rates are presented in Table 1.   
 

Table 1. Treatments used to evaluate the efficacy of integrated nano- and bio-based 
formulations against bacterial panicle blight under field conditions. 

Treatment Description Dose rate  Spray 
Volume 

Application 
method 

T1 Control (water) As required 

250 mL ha⁻¹ 
(water) 

No treatment 
T2 CNP 40 ppm Seed treatment 
T3 Bacillus sp. B1-2-11 106 CFU mL⁻¹ Seed treatment 
T4 Bacillus sp. B1-2-11 

+ CNP 
106 CFU mL⁻¹ +  

40 ppm 
Seed treatment 

T5 Bacillus sp. B1-2-11 106 CFU mL⁻¹ 250 mL ha⁻¹ Seed treatment 
and foliar spray 

T6 Bacillus sp. B1-2-11 
+ CNP 

106 CFU mL⁻¹ +  
40 ppm 

250 mL ha⁻¹ Seed treatment 
and foliar spray 

T7 Phyton® copper 
bactericide 

500 mL/100 L 
 

250 mL ha⁻¹  Seed treatment 
and foliar spray 

T8 Oxolinic acid seed 
treatment + Phyton® 

foliar spray 

500 g /100 L 
 

250 mL ha⁻¹  Seed treatment 
and foliar spray 

 
Disease and Agronomic Assessment 
Artificial pathogen inoculation was not performed, as naturally infected seed lots 
were used to ensure the presence of Burkholderia glumae under field conditions. 
Disease incidence and severity were assessed at five fixed sampling points within 
each replicate plot before the second foliar application and at 7, 14 and 21 days after 
the second spray. The same sampling points were used throughout the field trial to 
ensure consistency across assessment periods. Disease severity was assessed using the 
Standard Evaluation System (SES) for Rice developed by the International Rice 
Research Institute (IRRI) [27], with severity scored on a 0–9 scale according to the 
percentage of grain discolouration (0 = no discolouration; 1 = <1%; 3 = 1–5%; 5 = 6–
25%; 7 = 26–50%; and 9 = 51–100% discolouration). 
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Disease incidence was calculated as the percentage of infected panicles relative to 

the total number of panicles assessed. For disease severity, the individual SES scores 
recorded at the five fixed sampling points within each replicate plot were averaged to 
obtain the plot-level mean, and treatment means were subsequently calculated across 
the four replicate plots. Grain yield was determined from a 3 m × 3 m harvest area 
within each replicate plot and converted to tonnes per hectare. 

 
The five fixed sampling points were treated as subsamples within each replicate 

plot, with the resulting values used to obtain the plot-level mean. Treatment means 
were subsequently calculated across the four replicate plots. Disease incidence, 
disease severity and grain yield were subjected to analysis of variance (ANOVA), and 
treatment means were compared using Duncan's Multiple Range Test (DMRT) at P < 
0.01. 

3 Results and Discussion 

3.1 Field performance of Bacillus sp. B1-2-11 and chitosan nanoparticle 
formulations against bacterial panicle blight 

The field performance of Bacillus sp. B1-2-11 and chitosan nanoparticle formulations 
against bacterial panicle blight was evaluated by monitoring disease incidence and 
severity throughout the field trial period. It was observed that disease incidence 
increased progressively across all treatments from 0 to 21 days after the second spray 
(DASS) (Fig. 1). The untreated control (T1) recorded the highest disease incidence 
(27.1%) at 21 DASS, indicating that the absence of treatment resulted in greater 
susceptibility to bacterial panicle blight (BPB). Disease incidence was significantly 
reduced by all treatments compared with the untreated control (T1), with no 
significant differences observed among the treated groups (T2–T8). Among the 
treatments, T5 consistently showed the lowest numerical disease incidence. This was 
followed by the standard chemical treatments, oxolinic acid (T8; 20.6%) and copper 
bactericide (T7; 21.4%). These findings suggest that the integrated application of 
Bacillus sp. B1-2-11 through seed treatment and foliar spraying provided disease 
suppression comparable to the chemical disease control measures evaluated under 
field conditions.  
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Fig. 1. Progression of bacterial panicle blight (BPB) disease incidence (%) under different 
treatments at 0, 7, 14, and 21 days after the second spray (DASS) during the off-season 2025 
field trial at MARDI Seberang Perai. Disease incidence at 21 DASS is presented in Table 2. T1 
= untreated control; T2 = chitosan nanoparticle (CNP) seed treatment; T3 = Bacillus sp. B1-2-
11 seed treatment; T4 = Bacillus sp. B1-2-11 + CNP seed treatment; T5 = Bacillus sp. B1-2-11 
seed + foliar treatment; T6 = Bacillus sp. B1-2-11 + CNP seed + foliar treatment; T7 = 
Phyton® copper bactericide; T8 = oxolinic acid. 

The observed disease reduction is consistent with previous reports demonstrating 
the effectiveness of Bacillus spp. as biological control agents against bacterial 
diseases through antagonism, plant growth promotion and induction of plant defence 
responses [28,29,30]. In addition to these established mechanisms, the Bacillus sp. 
B1-2-11 isolate evaluated in the present study possesses quorum-quenching activity, 
which may interfere with quorum-sensing-regulated virulence in B. glumae [31]. 
Although quorum-quenching activity was not directly evaluated under field 
conditions, the observed disease suppression supports the potential of this anti-
virulence strategy for BPB management. To further evaluate treatment efficacy, 
disease severity was assessed to monitor symptom progression in infected plots. 

 
Disease severity increased progressively across all treatments from 0 to 21 days 

after the second spray (DASS) (Fig. 2). The untreated control (T1) recorded the 
highest mean disease severity score (4.9) at 21 DASS, indicating that the absence of 
treatment resulted in more severe BPB symptom development compared with the 
treated plots. In contrast, T5, comprising Bacillus sp. B1-2-11 applied as both seed 
treatment and foliar application, recorded the lowest mean disease severity score 
(2.5), followed by the chemical standard treatments, Phyton® copper bactericide (T7; 
2.9) and oxolinic acid (T8; 3.1).  
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Fig. 2. Progression of disease severity of bacterial panicle blight under different treatments at 0, 
7, 14, and 21 days after the second spray (DASS) during the off-season 2025 field trial at 
MARDI Seberang Perai. Disease severity at 21 DASS is presented in Table 2. T1 = untreated 
control; T2 = chitosan nanoparticle (CNP) seed treatment; T3 = Bacillus sp. B1-2-11 seed 
treatment; T4 = Bacillus sp. B1-2-11 + CNP seed treatment; T5 = Bacillus sp. B1-2-11 seed + 
foliar treatment; T6 = Bacillus sp. B1-2-11 + CNP seed + foliar treatment; T7 = Phyton® 
copper bactericide; T8 = oxolinic acid. 

Similar reductions in disease severity following seed treatment and foliar 
application of Bacillus spp. have been reported in rice and other cereal crops, 
supporting the importance of repeated applications under field conditions [32,33]. 
However, maintaining the efficacy of biological control agents under field conditions 
remains challenging because fluctuating environmental factors can affect their 
survival and colonization [14]. Despite these challenges, Bacillus sp. B1-2-11 
progressively reduced BPB under naturally infected field conditions, demonstrating 
its robustness as a field-applied biocontrol agent. 

 
These findings indicate that T5 showed the greatest numerical suppression of both 

disease incidence and disease severity, with efficacy comparable to the commercial 
chemical bactericides evaluated under field conditions (Table 2). Interestingly, while 
T5 recorded the lowest disease incidence and severity, T6 (Bacillus sp. B1-2-11 + 
chitosan nanoparticles applied as seed and foliar treatments) produced the numerically 
highest grain yield (7.74 t ha⁻¹) among the bio- and nano-based treatments, with no 
significant differences in grain yield observed among treatments (Table 2). This 
suggests that the addition of chitosan nanoparticles may have contributed to improved 
crop performance beyond disease suppression alone. Chitosan nanoparticles have 
been reported to act as plant elicitors and growth-promoting agents by stimulating 
defence-related responses and influencing physiological processes associated with 
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plant growth, including antioxidant activity, chlorophyll content and endogenous 
hormone regulation [34]. These physiological effects may have contributed to the 
numerically higher yield observed with T6 despite the greater disease suppression 
achieved by T5. 

 
Table 2. Disease incidence (%) and disease severity (SES score) of bacterial panicle blight at 

21 days after the second spray (21 DASS), and grain yield at harvest under different treatments.  
Treatment Disease incidence (%) Disease severity 

(SES score) 
Grain yield (t ha⁻¹) 

T1 27.13±1.89a 4.90±0.10a 6.70±0.50a 

T2 22.28±1.60b 3.00±0.00bc 6.70±0.47a 

T3 22.08±0.74b 3.00±0.00c 7.08±0.56a 

T4 22.80±1.99b 3.10±0.10 b 7.03±0.47a 

T5 19.88±0.75b 2.45±0.42c 7.04±0.58a 

T6 22.53±0.73b 3.00±0.00bc 7.74±0.55a 

T7 21.38±1.06 b 2.90±0.10bc 7.97±0.48a 

T8 20.55±0.56b 3.10±0.10b 7.50±0.27a 

Values are presented as mean ± SE of four replicate plots (n = 4). Means followed by different 
letters within each column are significantly different according to Duncan's Multiple Range 
Test (DMRT) at P < 0.01. 
 
The contrasting responses in disease suppression and grain yield highlight the 
potential complementary roles of microbial biocontrol and chitosan nanoparticles in 
supporting plant health and productivity. Further multi-location and multi-season 
evaluations are warranted to validate the consistency of the formulation across diverse 
rice-growing environments and facilitate its future commercialisation and adoption as 
a sustainable strategy for bacterial panicle blight management in rice. 

Conclusion 

This study evaluated the field efficacy of Bacillus sp. B1-2-11 and chitosan 
nanoparticle (CNP)-based formulations for the management of bacterial panicle blight 
(BPB) under Malaysian rice-growing conditions. The field evaluation conducted 
during the 2025 off-season at MARDI Seberang Perai demonstrated that all 
bioformulations effectively reduced BPB incidence and severity compared with the 
untreated control. Among the treatments evaluated, Bacillus sp. B1-2-11 applied as 
both a seed treatment and foliar spray provided the greatest numerical disease 
suppression, recording the lowest disease incidence (19.9%) and severity score (2.5), 
with efficacy comparable to the commercial chemical bactericides. Although Bacillus 
sp. B1-2-11 alone achieved the greatest reduction in disease incidence and severity, 
the combined application of Bacillus sp. B1-2-11 and CNP as seed and foliar 
treatments produced among the highest grain yields (7.74 t/ha), comparable to the 
copper bactericide (7.97 t/ha) and oxolinic acid (7.50 t/ha). These findings suggest 
that the incorporation of CNP may provide additional agronomic benefits beyond 
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disease suppression, contributing to improved crop productivity under field 
conditions. 

 
Overall, this study provides field-based evidence supporting the integration of 

quorum quenching Bacillus sp. B1-2-11 and chitosan nanoparticles as a sustainable 
nano- and bio-based strategy for the management of BPB in rice. The formulation 
demonstrated disease control and grain yield comparable to commercial bactericides, 
highlighting its potential as an environmentally sustainable alternative for integrated 
BPB management. Further multi-location and multi-season field evaluations are 
warranted to validate the consistency of the formulation under diverse agroecological 
conditions and to support its future commercialisation and adoption by the rice 
industry. 
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