


Isolation and Characterization of a Bacterium As a Biocontrol Agent Against Bacterial Wilt and Soft Rot diseases in Ginger (Zingiber officinale Roscoe)
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Ginger (Zingiber officinale Roscoe) is one of the important cash crops in India and Southeast Asia; however, its cultivation facing major threats from bacterial wilt, caused by Ralstonia solanacearum  Smith (1896) Yabuuchi et al., 1995 and soft rot caused by Pythium myriotylum Drechsler. These pathogens have the ability to cause even  hundred percent crop loss under suitable conditions, and traditional control methods have been largely ineffective and costly. In this context, the present study aimed to isolate a soil bacterium from ginger-growing regions in the Wayanad district of Kerala, with dual biocontrol potential against both pathogens, and to evaluate its ability to promote plant growth (PGPR). Ten bacterial isolates were collected from diverse agro-ecological zones with B-1 to B-10 code tags and screened for antifungal and antibacterial activities. Of these isolates, isolate B-2 exhibited the highest inhibition of P. myriotylum (mean radial growth: 6.33±1.46 mm) and R. solanacearum (inhibition zone: 6.00 mm, with an activity index of 0.18). Biochemical analysis detected the production of enzymes such as Amylase, Protease, Gelatinase, Lipase, Catalase, as well as positive results for Indole Acetic Acid (IAA) and ammonia production, confirming PGPR traits. Molecular identification through 16S rDNA sequencing revealed that the isolate was Bacillus cereus, with a 99.74% similarity. These results suggest that Bacillus cereus B-2 is a promising biocontrol agent with PGPR capabilities, offering a cost-effective and eco-friendly alternative for managing ginger diseases and enhancing crop yield. Additionally, it highlights the importance of studying local microorganisms that can control severe crop diseases within the same region. Consideration will also be given to the soil’s recovery capacity and resilience in the face of climate change. 
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Introduction
Ginger (Zingiber officinale Roscoe) is a significant cash crop cultivated in India, the eastern parts of Asia, and several nations on the African continent. According to FAOSTAT, in 2024, the cultivated area of ginger was recorded as 4.50 lakh hectares, with a production of 48.74 lakh metric tonnes. India is the largest producer of ginger worldwide, with 63,000 hectares under cultivation, yielding 3 tonnes per hectare (Priyanka & Khanal, 2021). Among various pests and diseases attacking ginger, Bacterial Wilt, caused by Ralstonia solanacearum, and Soft Rot, caused by the fungus Pythium myriotylum, are the most significant. These can cause even 100% yield loss under conducive conditions (Mathew et al., 1979; Dohroo, 1991). Control measures for these pathogens include physical and chemical methods; however, most of these methods are either ineffective or unable to curb these diseases satisfactorily. The host range of R. solanacearum extends to more than 250 plant species across 53 plant families, notably Solanaceae, Zingiberaceae, Musaceae, and Fabaceae. Pythium also has a broad host range, affecting approximately 300 plant species, predominantly vegetables, cereals, spices, ornamental plants, and aquatic plants (Wilken et al., 2024). A cost-effective and effective control strategy is crucial for significantly enhancing ginger production (Joseph and Sampath Kumar, 2025).
Numerous biological control agents have been tested to manage these diseases, including bacteria, fungi, nematodes, and plant extracts. Several fungal species, including Trichoderma viride, T. harzianum, T. virens, and T. koningii, have been utilised to protect ginger crops (Hudge, 2015; Mudyiwa et al., 2016). Other fungi tested include Rhizopycnis vagum, Collectotrichum truncatum, Fusarium oxysporum, and Aremonium species (El-Deeb & Arab, 2013). Common bacterial biocontrol agents include Pseudomonas fluorescens, P. chlororaphis, P. aeruginosa, P. putida, and P. aurantiaca (Bardin et al., 2004). Additional bacteria such as Bacillus polymyxa, B. lentus, B.  mycoides, and B. subtilis are also used (Bhai et al., 2005). Besides bacterial and fungal methods, various plants and their combinations are employed to protect ginger from microbial attacks. Notable plants include Jacaranda mimosifolia, Moringa oleifera, Polyalthia longifolia, Terminalia arjuna, Lawsonia inermis, Aegle marmelos, Nigella sativa, and Azadirachta indica (Parveen and Sharma, 2014). Extensive research has been conducted on the active compounds in these plants and the synergistic effects of various constituents. Developing a cost-effective solution to control these phytopathogens is crucial today. Therefore, this study aims to isolate microorganisms from soils in Wayanad district and evaluate their potential to control these pathogens in laboratory conditions. Additionally, the plant growth-promoting properties (PGPR) of the isolated microorganisms will also be assessed. 
Methodology
Sample Collection
Rhizosphere soils from the ginger gardens of ten villages of Wayanad district, Kerala state in India, have been collected using standard methods (Anwar et al., 2018; Wang et al., 2022). The name of the collection sites with geographical positions are; Thekkumthara (N 11˚ 38.716E076˚190210), Sugandhagiri- Vythiri (N11˚39.167 E076˚18.928), Padinjarethara (N11˚39.174 E076˚18.931), Tharuvana (N11˚39.164 E076˚18.962), Ambalavayal (N11˚39.164 E076˚18.948), Pulpally (N11˚38.605 E076˚19.239), Kaniyambetta (N11˚39.163 E076˚18.956), Mananthavady (N11˚39.168 E076˚18.943), Panamaram (N11˚39.164 E071˚18.927) Sulthan Bathery – Noolpuzha (N11˚38.934 E076˚19.152). The average height of these regions is 700 meters above sea level (MSL) with a relative humidity of 80%. The samples were coded as B-1 to B-10 for easy understanding of the cultures.
Isolation and Characterization of Bacteria from Soil
The colony-forming halo zone of clearance was selected and its morphological characteristics studied. The colony characteristics, i.e., transparency, diameter, colour, size, growth pattern and shape of the colony, were analysed and recorded (Bhattacharya et al., 2014) to complete this experiment. The bacterium Ralstonia solanacearum was cultured in Nutrient Agar medium and the fungus Pythium myriotylum was cultures with Potato Dextrose Agar (PDA). The methods adopted for the microscopic characterisation, such as Gram Staining (Cappuccino and Shermann,1992), Endospore staining (Oktari et al., 2017), to detect the general morphology and spatial arrangement of motile bacterial cells by the Hanging drop method (Aygan and Arikan 2007) were taken up in the study. 
Biochemical Characterization
Intracellular and Extracellular Enzymatic Activities
The intracellular enzymatic activities were tested, in which the Indole production was tested by Maria (2009). Methyl red test was completed by adopting Clark and Lubs 1915, Voges detected the output of Butylene glycol- Proskauer test by following Baritt (1936), Citrate utilization was detected using the method mentioned by Forbes et al., 2018, ability to ferment carbohydrates were detected by adopting the strategies employed by Tufail et al., 2011, the production of Catalase enzyme detected by adopting the procedures Welton and David 1972 and the Urease production was detected using Christensen (1946). The starch hydrolysis test was performed (Priest, 1977), and Casein hydrolysis was detected using the methods described by Cappuccino and Sherman (2008). Lipid hydrolysis was assessed using the method described by Omidvari (2008). Gelatin hydrolysis was measured using the method of Clarke and Cowan (1952). 
Antimicrobial Assay
The microbial cultures for the study were collected from Indian Council of Agriculture Research Indian Institute of Spices Research (ICAR-IISR), Kozhikode. The microbial culture collection number for Ralstonia salanacerum is IISR-GRS-SPR and for Pythium myriotylum is IISR-08-22. Antimicrobial studies were taken up against both of these phytopathogens. The antifungal assay was detected by following the Poisoned Food Technique method as described by Grover & Moore (1962). Fungitoxicity was quantified by calculating the percentage inhibition of mycelial growth using the formula described by Vincent (1927) and modified as per Gupta and Tripathi (2011). This method offers a robust assessment of antifungal potential by directly observing the impact of plant extracts on fungal growth parameters. The Antibacterial assay was measured using the Disc diffusion assay, as mentioned by Dian et al. (2021). The inhibition zone (IZ) formed around the disc after 24 hours was measured. The Activity Index (AI) was calculated using the formula;

The experiment was conducted in triplicate to ensure accuracy and reduce the possibility of error, with the collected data subsequently subjected to statistical assessment.
Tests for Plant Growth Promotion (PGPR) Abilities
The phosphate solubilization ability was detected using the method described by Pikovskaya (1948). The production of Indole Acetic Acid (IAA) was checked using the method mentioned by Sawar and Kremer (1995).  Ammonium production by the isolated bacterium was checked by following the procedures mentioned by Cappuccino and Sherman, 1992). The ability to fix nitrogen was detected by adopting the methodologies of Hardy et al. (1968). Hydrogen cyanide production was detected using the methods of Bakker and Schipper (1987). Tests to detect the presence of enzymes were also conducted, in which the Amylase and Protease enzymes were checked by following the procedures outlined by Cappuccino and Sherman (1992).   



Molecular Identification of the Bacteria
Molecular identification of bacteria is a scientific approach that utilises molecular biology techniques to identify, classify, and study various species of bacteria. The methodology that outlines the steps for molecular identification of the sample is provided below, and follows the procedures mentioned by Srinivasan et al. (2015). DNA extraction and quality were analysed utilizing Zymag™ Microbial DNA Bacteria, Yeast & Fungi (ZM15BG). The quality was evaluated on a 0.8% agarose gel.  The visual assessment of DNA integrity and purity was detected using the protocols mentioned by Amoako et al. (2019). Amplification of DNA and prevention of impurities were taken up using the methods of Menking et al. (1999). Amplification of the gene using PCR was carried out with the following primer details: forward (5’ – AGAGTTTGATCCTGGCTCAG – 3’) and reverse (5’ – GGTTACCTTGTTACGACTT – 3’). The PCR was executed for 30 cycles. DNA sequencing was carried out, in which the DNA was amplified using an Agarose gel electrophoresis and was then visualised using a Gel Documentation System (Bio-Rad Gel Doc XR+). Purification and sequencing of the 16S DNA samples were performed using the ABI 3730 XL Genetic Analyser (Applied Biosystems, USA). The sequence analysis was also made based on the genetic relatedness to known sequences (Kadyan et al., 2013), and a phylogenetic tree was constructed. 
Results
A bacterium capable of controlling both the wilt-causing bacterium R. solanacearum and the soft rot-causing pathogen P. myriotylum was isolated from soils in Wayanad district, Kerala. Ten locations, considered as ginger-growing tracts in the Wayanad district and representing various agro-ecological zones (AEZs), were selected for soil sample collection at three sites across three different blocks of the district. The soil samples were collected, transported to the laboratory, and maintained under conditions.  The bacteria with common characteristics were selected based on their colony morphologies, such as irregular, large, opaque, raised, smooth, and positive for Gram staining and motility. 
Each of these bacteria is taken for further studies of its ability to control the soft rot-causing pathogen Pythium myriotylum as a first step. The results obtained for the antifungal studies are presented in Table 1. These bacteria were tested against the pathogen in three replicates, and control plates were also maintained. 
[bookmark: _Hlk209540669]Table 1. Antimicrobial activity of bacterial isolates against P. myriotylum
	No. of days
	Radial growth of P. myriotylum in the isolate’s incorporated medium and control plate in mm

	
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10
	C

	1st day
	9±0.57
	0
	7±1.37
	9±1.52
	9.33±0.33
	7.66±0.66
	10.33±0.88
	9.33±0.66
	10.33±0.3
	10.33±0.88
	10.66±1.20

	2nd day
	24.6±0.42
	5.66±0.12
	8.33±0.31
	17.33±0.12
	23.66±1.30
	19.66±1.54
	21.33+0.35
	16.33±1.46
	15.33±1.41
	12.33±0.21
	26.33±0.42

	3rd day
	28.33±1.55
	6±0.34
	9±1.54
	20.66±0.31
	29±0.22
	24±1.56
	30±0
	24±0.38
	20.66±1.45
	14±1.58
	31.66±0.25

	4th day
	29.33±2.14
	6±1.25
	9.66±0.58
	22.66+2.56
	30±1.57
	25.66±2.67
	32±1.46
	25±1.0
	22.66±0.15
	15.33±0.25
	37.33±1.58

	5th day
	32.66±1.57
	6.33±1.46
	8.33±2.57
	25.33±2.68
	31.66±0.56
	27.33±2.57
	33.33±0.57
	26.33±1.64
	23.66±2.78
	17.33+1.34
	41±1.55


(B-1 to B10 are the sample codes and C is the control, ± and Standard error)
Results from the Table show that most of the bacterial isolates exhibited antifungal activities. However, the bacterial isolate B-2 showed maximum inhibition from the first day onwards and in the fifth day it exhibited an inhibition zone of 6.33±1.46 mm, followed by B-10 with an inhibition zone of 17.33±1.34 mm, B-9 with 23.66+2.78 mm, and B-7 with 33.33+0.57 mm and the figure 1 shows the activity. The bacterial isolates were further tested for its antibacterial activity against the wilt-causing phytopathogen R. solanacearum, and the results obtained are presented in Table 2. 
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Figure 1.  Antifungal activity of the isolated bacterium Bacillus against Pythium myriotylum
Table 2. Determination of antimicrobial activity of bacterial isolates against Ralstonia solanacearum
	Sl. No
	Isolates
	Inhibition zone in mm
	Activity index (AI)

	1
	B1
	5.00
	0.15

	2
	B2
	6.00
	0.18

	3
	B3
	4.00
	0.125

	4
	B4
	2.00
	0.06

	5
	B5
	2.00
	0.06

	6
	B6
	7.00
	0.17

	7
	B7
	4.00
	0.125

	8
	B8
	5.00
	0.15

	9
	B9
	1.00
	0.031

	10
	B10
	2.00
	0.06



The Table indicates that the bacterial isolate named B-2 showed the highest inhibition against the tested phytopathogen R. solanacearum with an activity index of 0.18. The second most inhibitory bacteria were found to be B-6, with an activity index of 0.17, and B-8, with an activity index of 0.15. Almost all bacteria exhibited positive results in terms of antibacterial properties.  
After completing the antibacterial and antifungal studies, the bacteria were identified through biochemical tests and then at the molecular level. The basic biochemical tests conducted and the results obtained are presented in Table 3. 





Table 3. Results of biochemical tests of the B2-isolate
	Biochemical tests
	Bacterial Isolate - B2

	Indole test
	+

	Methyl red test
	+

	Vogues- Proskauer test
	-

	Citrate utilisation test
	+

	Carbohydrate fermentation
a. Glucose
b. Sucrose
c. Lactose
	
+
+
-

	Enzyme production test
	Bacterial Isolate - B2

	Urease
	-

	Gelatin
	+

	Starch
	+

	Casein
	+

	Lipid
	+

	Catalase
	+


‘+’ Indicates the positive results and ‘-‘indicates the negative results
Among the basic biochemical tests carried out, the bacterium was found to be positive for almost all tests. However, the organism showed negative results for Vogues-Proskauer test and Lactose fermentation. In the case of enzyme production tests, Urease was found to be negative, but it showed positive results for the Gelatin test, Starch hydrolysis test, Casein test, Lipid test, and Catalase test. From the biochemical tests, it can be concluded that the B-2 Isolate belongs to the genus Bacillus. 

Test For Plant Growth Promotion Abilities (PGPR)
The isolated bacterium was qualitatively tested for its plant growth-promoting abilities (PGPR) to select a suitable sample for use by farmers under field conditions. The results of the qualitative assessment of PGPR abilities are presented in Table 4.
Table 4. Qualitative determination of the PGPR abilities of the isolated bacterium
	PGPR Tests
	Results

	IAA Production
	Positive

	Ammonia Production
	Positive

	HCN Production
	Negative

	Nitrogen Fixation
	Negative

	Phosphate Solubilization
	Negative

	Amylase Test
	Positive

	Protease Test
	Positive



The table indicates the isolated bacterium shows positive results for more than half of the tests; however, it showed negative results for three tests. The positive results include the production of Indole Acetic Acid (IAA), ammonia production, the amylase test, and the protease test. Conversely, the bacterium showed negative results for hydrogen cyanide production, nitrogen fixation, and phosphate solubilisation test.  
Molecular Identification of Isolated Microorganism Based on the 16s rDNA Sequences
 DNA Extraction from the Purified Cultures 
From the pure bacterial culture, DNA was extracted using the ZymagTM Microbial DNA Bacteria/Yeast/Fungi/Actinomycetes (ZM15BG) magnetic bead-based extraction kit. The quality of the genomic DNA obtained was analysed using agarose gel electrophoresis (Fig. 2). The genomic DNA was then appropriately diluted and used for PCR, followed by purification and sequencing.
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Fig.2. Agarose Gel Electrophoresis image for the samples -Bacillus genomic DNA (left side) and PCR of the sample (right side)

Sequencing Result for Sample – Bacillus(1527bp) 
The sequencing of the 16S rDNA in the bacterial sample was performed, and the base pair sequences were available. The BLAST analysis was also performed. Based on the results of the BLAST analysis, the sample Bacillus showed a 99.74% identity with Bacillus cereus (NCBI Accession No: PV030018.1), with a query coverage of 100%, suggesting that the sample may be Bacillus cereus.  A phylogenetic tree has been constructed based on the results obtained and is given in Figure 3. 

[image: ]
Fig. 3. The phylogenetic tree of the bacterium Bacillus cereus.

Results indicated that the bacterium can control both the wilt-causing pathogen Ralstonia solanacearum and the soft rot pathogen Pythium myriotylum, and it was isolated from soil in Wayanad district. In addition to its antibacterial and antifungal properties, the bacterium also showed significant plant growth promotion abilities (PGPR). The isolated bacterium was further identified through both basic and advanced biochemical tests, confirming that it belongs to the species Bacillus cereus. 
Discussion
The study successfully isolated and characterised Bacillus cereus (the B-2 isolate) from ginger-growing tracts in Wayanad district, Kerala, demonstrating its significant biocontrol potential against two phytopathogens, Ralstonia solanacearum and Pythium myriotylum, the causative agents of bacterial wilt and soft rot in ginger. Among ten isolates, B-2 isolate exhibited the highest inhibition of P. myriotylum (mean radial growth: 5.66 mm) and R. solanacearum (inhibition zone: 6.00 mm; activity index: 0.18), underscoring its dual antimicrobial efficacy. These findings align with previous reports on Bacillus spp. as effective biocontrol agents due to their ability to produce lytic enzymes and antimicrobial compounds (Bhai et al., 2005; Bardin et al., 2004, Cui et al., 2024). The biochemical profile of B-2 revealed production of amylase, protease, gelatinase, lipase, and catalase, which likely contribute to pathogen suppression. 
In addition to this, the PGPR traits—positive for Indole Acetic Acid (IAA) and ammonia production—suggest its role in enhancing plant health and resilience, consistent with the work of Sawar and Kremer (1995). Molecular identification confirmed B-2 as Bacillus cereus with 99.74% identity via 16S rDNA sequencing, reinforcing its taxonomic placement and potential utility. The isolate’s origin from Wayanad’s diverse agro-ecological zones highlights the importance of exploring locality-specific microbial resources for sustainable agriculture. While results are so promising, limitations include the absence of field trials and negative results for nitrogen fixation and phosphate solubilization. Future research should assess B-2’s efficacy under field conditions and explore synergistic formulations with other PGPRs or botanicals (Parveen & Sharma, 2014). In a nutshell Bacillus cereus B-2 offers a cost-effective, eco-friendly alternative to chemical controls, with implications for integrated disease management and climate-resilient ginger cultivation in Kerala.
Conclusion
The present study reveals that Bacillus cereus or the isolate B-2, from ginger rhizosphere soils in Wayanad, exhibits promising potential as a dual-function biocontrol agent and plant growth-promoting rhizobacterium (PGPR). Its vigorous antagonistic activity against Ralstonia solanacearum and Pythium myriotylum, coupled with the production of hydrolytic enzymes and growth-promoting substances like IAA and ammonia, underscores its multifaceted role in sustainable ginger cultivation. Molecular identification confirmed its taxonomic designation, reinforcing its reliability for future applications. These findings contribute to the use of native microbial strains in integrated disease management, particularly in ecologically sensitive regions such as Kerala. While the isolate did not exhibit nitrogen fixation or phosphate solubilization, its biocontrol efficacy and PGPR traits position it as a viable alternative to chemical inputs.
Future research should focus on field-level validation, formulation development, and exploring synergistic combinations with other beneficial microbes or botanicals. Such efforts could pave the way for eco-friendly, cost-effective strategies that enhance crop resilience and support agroecological balance. Overall, Bacillus cereus B-2 represents a valuable resource for climate-resilient agriculture and community-based disease management in ginger-growing regions.
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