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Management of Bacterial Blight of Rice caused by Xanthomonas oryzae pv. oryzae under in vitro conditions

ABSTRACT

Xanthomonas oryzae pv. oryzae, the pathogen causing bacterial blight of rice, is an age old disease that has caused serious threat to the crop. Different commercially available antibiotics, antibacterial chemicals, bioagents and organic extracts were tested in vitro to know their efficacy against the pathogen and devise management strategies against the disease. In vitro efficacy studies revealed that, among the antibiotics, 2-bromo 2-nitro propane 1,3-diol (Bacterinashak) (8.33 mm), an immunomodulator and among the antibacterial chemicals, copper oxychloride 50% WP (Blitox-50) (9.08 mm) showed a good inhibition of the bacterium. Pseudomonas fluorescens (23.67 mm) among the bioagents and sea weed extract (Humicil) (6.50 mm) among the tested organic extracts were found to be superior in inhibiting the pathogen.

Key words: In vitro, Aantibiotics, Aantibacterial chemicals, Bbioagents, Oorganic extracts
1. Introduction


Rice (Oryza sativa L.), ranking as the second most important cereal crop after maize globally, is contributing crucially for global food security, international trade and livelihood for millions. At the population increase rate of 1.5%, rice demand is predicted to rise by 40% by 2030 in order to satisfy the expanding needs of almost 5.0 billion people worldwide (Khush, 2005). However, the productivity is constrained by many fungal, bacterial and viral agents that cause a number of diseases. Among them, bacterial blight of rice is an age old, yet devastating diseases causing 20-50% potential yield losses (Singh et al., 2011). The disease is caused by a bacterium Xanthomonas oryzae pv. oryzae. The disease was first noticed in Fukuoka farms in Kyushu, Japan, dates back to 1884 (Tagami and Mizukami, 1962) and in India, in Bombay region during 1951 (Srinivasan et al., 1959). The disease appears mainly in two phases: the ‘kresek’ and the leaf blight. The kresek phase is the most damaging phase that usually occurs in nursery plants causing wilting of the whole plant. The leaf blight phase is the most frequently occurring phase, mainly observed under main field conditions. Typical straw coloured lesions along with wavy margins are the characteristic symptom of the disease (Ou, 1985). 

Integration of chemicals, bioagents, botanicals, bioagents, organic extracts serves for the best control of disease rather than alone. The integrated disease management practice also confers systemic disease resistance along with the plant growth promotion. Hence, an experiment was conducted to know the efficacy of different chemicals, biocontrol agents and organic extracts against X. oryzae pv. oryzae under in vitro conditions.


2. Material and Methods

2.1 In vitro efficacy of antibiotics, antibacterial chemicals, bioagents and organic extracts


The efficacy of four different antibiotics, four different antibacterial chemicals and five different organic extracts was assessed at two different concentrations in vitro using modified paper disc method. For three bioagents, spot inoculation was done in place of the paper disc.

Modified paper disc method: The pathogenic bacterium was multiplied by inoculating fresh culture into 20 ml of nutrient broth, followed by incubation at 25℃ for 48 hrs. The inoculum was seeded into the lukewarm nutrient agar media (20 ml/1000 ml NA). Then the seeded media was poured onto sterilized Petri plates in an aseptic condition and allowed to solidify. The chemical suspension was prepared as per the required concentrations and filter paper discs (Whatmann No. 44) measuring 5 mm in diameter were soaked in each of the chemical suspension at respective concentration and the treated discs were placed at the centre of the seeded medium. The inoculated plates were kept in the refrigerator at 4℃ for 4 hrs to allow for the diffusion of chemicals into the medium. Later, the plates were incubated at 25℃ for 72 hrs. The observations were recorded by measuring the inhibition zone around the filter paper discs. 

Spot inoculation with bioagents was done at the centre of seeded medium instead of placing the paper discs.
2.2 Statstical analysis

The statistical analysis was done using the SPSS 16.0 software.
3. Results and Discussion

3.1 In vitro efficacy of antibiotics, antibacterial chemicals, bioagents and organic extracts

Antibiotics: Four different commercially available antibiotics were tested to know their efficacy against bacterial blight pathogen X. oryzae pv. oryzae in vitro (Table 1). 


Among the tested antibitotics, 2-bromo 2-nitro propane 1,3-diol showed significantly superior efficacy with a mean inhibition zone of 5.67 mm and 11.00 mm at 250 and 500 ppm respectively. which was followed by streptomycin sulphate 9% + tetracycline hydrochloride 1% (5.50 mm and 8.33 mm respectively) with moderate effectiveness and streptomycin sulphate 90% + tetracycline hydrochloride 10% (4.67 mm and 5.17 mm respectively). Validamycin 3% L was found to be ineffective to inhibit the test bacterium. 

These findings are in conformity with the work of Deep et al. (2020), who evaluated six antibiotics against X. oryzae pv. oryzae at two different concentrations. The maximum inhibition of the bacterium (25 mm) was observed in tetracycline hydrochloride at 100 ppm, followed by streptomycin sulphate 90% + tetracycline hydrochloride 10% (Streptocycline) at 100 ppm (23 mm). Contrarily, streptomycin sulphate 9% + tetracycline hydrochloride 1% (Plantomycin) at 500 ppm was found the least effective (11.15 mm).

Antibacterial chemicals: Four different commercially available antibacterial chemicals were tested to know their efficacy against X. oryzae pv. oryzae in vitro (Table 2). 


Among the tested antibacterial chemicals, copper oxychloride was effective at both the concentrations with mean inhibition zone of 7.00 mm at 250 ppm and 11.17 mm at 500 ppm followed by copper hydroxide (6.17 mm and 8.67 mm respectively) and kasugamycin 5%+ copper oxychloride 45% WP (6.00 mm and 6.67 mm respectively) with moderate effectiveness. Copper sulphate showed least effectiveness with mean inhibition zone of 4.83 mm and 5.17 mm at respective concentration.

The findings of present investigation are in abidance by Patil et al. (2017). They evaluated nine antibacterial chemicals at three levels among which, kasugamycin demonstrated the highest efficacy with a mean inhibition zone of 16.60 mm followed by 2-bromo 2-nitro propane 1,3-diol and streptomycin sulphate 90% + tetracycline hydrochloride 10% in combination with copper oxychloride with mean inhibition zones of 16.50 mm and 14.10 mm, respectively. Streptomycin sulphate 65.8% exhibited the lowest efficacy with a mean inhibition zone of 11.10 mm. Similarly, Thimmegowda et al. (2012) tested the efficacy of eight different chemicals against X. oryzae pv. oryzae at four concentrations. Among the tested chemicals, streptomycin sulphate 90% + tetracycline hydrochloride 10% exhibited a good inhibitory effect with a maximum inhibition zone of 22.83 mm followed by streptomycin sulphate (21.91 mm). Copper oxychloride and tetracycline were found to be ineffective with least inhibition zone of 0.00 mm and 0.75 mm respectively. 



Bioagents: Three different bioagents were tested to know their efficacy to suppress the growth of X. oryzae pv. oryzae in vitro (Table 3). 


All the tested bioagents exhibited significantly superior efficacy over control. Among these, Pseudomonas fluorescens showed significantly highest mean inhibition zone of 24.00 mm followed by Bacillus subtilis (17.33 mm). The least mean inhibition zone was produced by Trichoderma asperellum (9.33 mm). 

Biocontrol agents are natural alternative to chemical pesticides, which help in reducing the environmental pollution and are also cost effective. The mechanisms played by the bioagents in inhibiting the pathogens are competition through the production of metabolites like siderophores that help in chelating iron compounds which are essential for the growth of the bacterial pathogens and induced systemic resistance. They are also capable of producing antimicrobial substances that inhibit the growth of the pathogens. The results are in line with Srinivas et al. (2024) who evaluated the efficacy of four different bioagents against X. oryzae pv. oryzae employing paper disc method and poison food technique respectively. Bacillus subtilis exhibited the highest radius of inhibition of 2.54 mm among the bioagents tested followed by, Pseudomonas fluorescens (2.48 mm), Trichoderma harzianum (1.88 mm) and T. viride (1.74 mm) which were identified as the next most effective antagonists.

Organic extracts: Five commercially available organic products were tested to their efficacy in inhibiting the growth of X. oryzae pv. oryzae in vitro (Table 4). 


Among the tested organic extracts, sea weed extract was the most effective organic extract among all others at both the concentrations, which showed a mean inhibition zone of 5.83 mm and 7.17 mm at 5 per cent and 10 per cent concentrations respectively. The next best organic extract was amino acids and peptide derivatives at both concentration (5.67 mm and 5.83 mm respectively). The least effective organic extract was neem extract at both concentration showing mean inhibition zone of 5.00 mm and 5.17 mm respectively. 


Similarly, four different sea weed extracts at five different levels were tested against X. oryzae pv. oryzae by poison food technique and agar well diffusion method. The data indicated that Sargassum wightii was the most effective seaweed in inhibiting the bacterial growth at 20% concentration with an inhibition zone of 17.6 mm followed by S. ilicifolium (16.1 mm). Turbinaria conoides was found to be the least effective among three seaweeds tested with inhibition zone of 9.5 mm (Kannan, 2016). These results suggested that, the antibacterial compounds which are present in S. wightii were likely played a key role in suppressing the growth of Xoo as evidenced by significant inhibition of the bacterium.

4. Conclusion


The present investigation was done to know the efficacy of different commercially available chemicals, bioagents and organic extracts against Xanthomonas oryzae pv. oryzae, the causal agent of bacterial blight of rice a serious threat to rice production. Studies on efficiency of antibiotics, antibacterial chemicals, bioagents and organic extracts was done against the growth of X. oryzae  pv. oryzae. Among the tested antibiotics, 2- bromo- 2- nitro propane-1, 3- diol (8.33 mm) exhibited significantly superior efficacy over other treatments and streptomycin sulphate 90% +tetracycline hydrochloride 10% (4.92 mm) exhibited a poor efficacy whereas, validamycin 3% L did not show inhibition of the pathogen. Among the tested antibacterial chemicals, significantly maximum mean inhibition was recorded by copper oxychloride 50% WP (9.08 mm). The least mean inhibition zone was observed with copper sulphate (5.00 mm). Among the bioagents tested, Pseudomonas fluorescens was found significantly superior in suppression of the pathogen with an inhibition zone of 23.67 mm followed by Bacillus subtilis (17.33 mm). Among the organic extracts, sea weed extract was found to be very effective among the tested organic extracts with the highest mean inhibition zone of 6.50 mm and the lowest mean inhibition zone was noticed with neem extract (5.08 mm).The findings suggest the need to integrate different components of disease management in order to devise novel management strategies against the disease.
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Table 1: In vitro efficacy of antibiotics against Xanthomonas oryzae pv. oryzae

	Sl. No.
	Chemicals
	Trade name
	Mean inhibition zone (mm)

	
	
	
	Concentration (ppm)

	
	
	
	250
	500
	Mean

	1
	Streptomycin sulphate 90% +tetracycline hydrochloride 10%
	Streptocycline
	4.67
	5.17
	4.92b

	2
	2- Bromo- 2- nitro propane-1, 3- diol
	Bacterinashak
	5.67
	11.00
	8.33d

	3
	Streptomycin sulphate 9 % +tetracycline hydrochloride 1 % 
	Plantomycin
	5.50
	8.33
	6.92c

	4
	Validamycin 3% L
	Valida
	0.00
	0.00
	0.00a

	5
	Control
	-
	0.00
	0.00
	0.00a

	
	Factor
	Chemicals (A)
	Concentration (B)
	A x B

	
	S.Em. +
	0.08
	0.06
	0.13

	
	C.D. at 1 %
	0.29
	0.23
	0.51



Table 2: In vitro efficacy of antibacterial chemicals against Xanthomonas oryzae pv. oryzae

	Sl. No.
	Chemicals
	Trade name
	Mean inhibition zone (mm)

	
	
	
	Concentration (ppm)

	
	
	
	1000
	2000
	Mean

	1
	Copper oxychloride 50%  WP
	Blitox- 50
	7.00
	11.17
	9.08e

	2
	Copper hydroxide
	Kocide 2000
	6.17
	8.67
	7.42d

	3
	Copper sulphate
	-
	4.83
	5.17
	5.00b

	4
	Kasugamycin 5%+ copperoxy chloride 45%  WP
	Conika
	6.00
	6.67
	6.33c

	5
	Control
	-
	0.00
	0.00
	0.00a

	
	Factor
	Chemicals (A)
	Concentration (B)
	A x B

	
	S.Em.+
	0.18
	0.16
	0.31

	
	C.D. at 1 %
	0.70
	0.61
	1.22



Table 3: In vitro efficacy of bioagents against Xanthomonas oryzae pv. oryzae

	Sl. No.
	Bioagents
	Strain Number
	Mean inhibition zone (mm)

	1
	Trichoderma asperellum
	TUREF59
	9.33b

	2
	Pseudomonas fluorescens
	BGREB73
	24.00d

	3
	Bacillus subtilis
	SE76
	17.33c

	4
	Control
	-

	0.00a

	
	S.Em. +
	0.37 

	
	C.D. at 1 %
	1.77 



Table 4: In vitro efficacy of organic extracts against Xanthomonas oryzae pv. oryzae

	Sl. No.
	Chemical name
	Trade name
	Mean inhibition zone (mm)

	
	
	
	Concentration (%)

	
	
	
	5
	10
	Mean

	1
	Eugenol 0.1%+  sodium salt 99.9% WP
	Ecofit
	5.50
	5.67
	5.58b

	2
	Amino acids and peptide derivatives
	Isabion
	5.67
	5.83
	5.75b

	3
	Sea weed extract
	Humicil
	5.83
	7.17
	6.50c

	4
	Humic acid + fulvic acid
	Biozyme
	5.17
	5.33
	5.25b

	5
	Neem extract
	Neem plus
	5.00
	5.17
	5.08b

	6
	Control
	-
	0.00
	0.00
	0.00a

	
	Factor
	Chemicals (A)
	Concentration (B)
	A x B

	
	S.Em. +
	0.12 
	0.09 
	0.20

	
	C.D. at 1 %
	0.45 
	0.35 
	0.77
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