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ABSTRACT 

Bacterial leaf blight (BLB) of rice, caused by Xanthomonas oryzae pv. oryzae, represents a 

significant phytopathological challenge affecting rice crop. The present investigation aimed to 

investigate the effectiveness of integrated disease management (IDM) in reducing the bacterial 

leaf blight incidence in rice and improving the crop economics thereby as compared to those 

under conventional and chemical control practices. Field trials were conducted in Mirzapur 

district, India, with three treatments: T1 (conventional control), T2 (chemical control) and T3 

(IDM). It was found that IDM significantly reduced BLB incidence (7.81%) compared to the 

other treatments (18.0% and 11.21% under T1 and T2, respectively). Crop yield was highest in 

the IDM treatment, followed by the chemical control and conventional control treatments. IDM 

also yielded in the highest net return and benefit-cost ratio, indicating its economic viability. 

These findings suggest that IDM is an effective and sustainable approach for managing BLB and 

improving rice production. 

 

INTRODUCTION 

After wheat, rice or paddy (Oryza sativa L.) is one of the 

most important foodgrain in the world (Matthews et al., 

1995; Banik, 1999). Asian countries being the primary 

supplier and consumption region (Gumma et al., 2011) 

cultivate this crop widely. According to a market monitor 

released by Food and Agriculture Organization, paddy rice 

production is increasing yearly in rice-producing nations 

(FAO, 2017). Over 3.5 billion people worldwide directly 

depend on this cereal for their primary diet and source of 

daily energy (Cheng et al., 2007). 

Bacterial leaf blight (BLB) poses a significant constraint to 

rice cultivation for various regions of the world (Ishiyama, 

1922; Swings et al., 1990). Since the 1960s, Xanthomonas 

oryzae pv. oryzae, the infectious microbe that causes 

bacterial leaf blight (BLB) disease, has been one of the most 

common and severe pathogens affecting the rice industry in 

Asia (Ou, 1985). It causes heavy losses to the crop every 

year and is considered to be a dreadful menace to the crop. 

It is a significant vascular disease that affects rice grown 

under irrigation, is challenging to treat and can reduce 

production by up to 50% (Anonymous, 2007). Mew (1987), 

Reddy (1989) and Adhikari et al. (1994) claimed that X. 

oryzae pv. oryzae can result in yield decreases in rice up to 

between 30% and 50%. Although, there are a number of 

measures recommended for the management of the disease, 

a systems analytical method needs to be used to improve 

damage knowledge and create a tool that makes 

recommendations for managing diseases (Elings et al., 

1997). Bacterial leaf blight (BLB), attributed to 

Xanthomonas oryzae pv. oryzae (Xoo), is a destructive 

disease that impacts rice cultivation across numerous 

countries (Qian et al., 2013; Tian et al., 2014). First 

documented in Japan in 1884, BLB is currently widespread 

throughout the majority of Asia's rice-producing nations. 

Earlier, it only occurred in the warmer regions of southwest 

Japan. Wider areas were affected by the disease as 

agricultural techniques progressed and rice cultivars 

changed in search of greater yields. The crop decline may 

be the most reasonable indicator of the harm produced by a 

plant disease. Rice BLB caused by bacteria has long been 

known to seriously harm the crop. However, the damage 

assessment methodology has only been in place since 1950. 
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Although being reported much earlier, the disease was 

recognized to be of serious nature as late as in 1922 (Mew 

et al., 1993). 

Conversely, the development of symptoms or degree of 

infection on the plant has been used instead of yield 

reduction in evaluating rice's resistance to the disease, 

virulence of bacteria and effectiveness of agricultural 

pesticides. Furthermore, it is now evident how the levels of 

damage and infection at a given time relate to one another. 

Bacterial leaf blight increases the volume of cast-off rice 

and the number of immature, sterile and broken grains. The 

disease also decreases the weight of straw, brown rice per 

unit capacity, weight of brown rice grains and milling rate. 

The degree of infection and the length of time the disease 

has been present determine how much harm is done. In 

general, the harm increases with the early onset of the 

disease. When the disease strikes rice plants later in their 

growth cycle, the damage is less than in years when the 

affected area is larger. 

The disease exhibits symptoms in two clearly defined 

phases, viz. leaf blight and kresek or wilt phase, the latter 

being of more economic significance. Yellowish-colored, 

water-soaked streaks on leaf blades or wavy margins 

starting at the tips of leaves are indicative of leaf blight. The 

primary signs and symptoms are leaves with rolling, midrib-

preserving, drying back from the tip and yellowish white or 

golden yellow marginal necrosis. Only some millimeters 

from the apex, where water vents are dispersed, the lesion 

first appears as little steaks drenched in water. It grows 

quickly in both length and width, resulting in a lesion that is 

yellow to greyish-white in colour and has a rippled border 

on the leaf's margin. Eventually, the leaf dries out 

completely (Agrios, 1997). Early in the morning, there is 

appearance of bacterial oozing on fresh lesions that 

resemble an opaque or milky dewdrop. Leaves with severe 

infection usually dry up rapidly. Grain yield could be 

reduced by as much as 60%. The wilting phase symptoms 

are noticed one to three weeks following transplantation. An 

early indication is a green, water-soaked layer along the leaf 

tip or the cut section. The leaves eventually wilt, fold up 

and turn from greyish-green to yellow. The plant entirely 

withers away. By differentiating stem borer damage from 

kresek signs, the symptoms can be confirmed. This can be 

accomplished by squeezing the diseased seedling's lower 

end between your fingers. There is a yellowish bacterial 

ooze that emerges from the cut ends. The sliced area can be 

seen in relation to light to reveal the bacterial slime that is 

dripping into the water from the cut ends. One to two hours 

later, the water turns turbid. 

The Pathogen 

The pathogen of BLB is a bacterium known as 

Xanthomonas oryzae pv. oryzae. The bacterium has a rod-

like shape, measuring 1.2×0.3-0.5 µm in dimensions. They 

are usually single and may sometimes be found in twins but 

never form chains. The bacterium has a polar flagellum for 

motility (Tian et al., 2015). They are negative in Gram 

reaction, do not form spores (non-spore-forming) and are 

lack of capsules. The bacterial colonies on nutritional agar 

have a smooth, round, pale yellow colour and a complete 

border. They are viscid and convex. The occurrence of 

bacteria in the rice paddy and irrigation canals, weeds, rice 

stubbles and ratoons of diseased plants, rain and deep water, 

high humidity, warm temperatures (ranging from 25 to 30 

°C), etc. are among the known conditions that promote the 

expansion of the disease. Over-fertilization and strong 

winds, which can lead to wounds, are conducive conditions 

for the disease to grow. Rain that blows in from the wind or 

splashes on plants can spread the bacterium. New infections 

can also be brought on by handling and using trimming 

instruments for transplantation. Both weed hosts and rice 

stubble can harbor the inoculum. Although the pathogen 

may exist briefly on contaminated seed and in soil, these are 

not thought to constitute significant contributors of 

inoculum. Rain, irrigation water, human touch between 

plants and instruments used to move seedlings are all ways 

that the bacteria might spread. Rain, breeze, hail, weeds, 

plant straw, wild rice (Nino-Liu et al., 2006), seeds and 

irrigation water (Nyvall, 1999) can all rapidly spread the 

disease. Typhoons and the quick spread of disease are 

related. Hydathodes and stomata on leaf blades, growth 

fractures created by new roots emerging underneath the leaf 

sheath and lesions on leaves and roots are all natural entry 

points for the bacteria into leaf tissues. Some bacteria may 

infiltrate the vascular system and proliferate to the point 

where they exude from hydathodes. While thiamine 

complex synthesis genes received a lot of attention, several 

recent studies on Xoo focused on examining additional 

unidentified genes linked to the organism's pathogenicity 

(Ryan et al., 2011) interactions with the host. According to 

Yu et al. (2015), the thiG gene prevents cell accumulation, 

which is necessary for Xoo's complete pathogenicity. 

Furthermore, it has been noted that iron increases X. oryzae 

pv. oryzae's pathogenicity (Ansari and Sridhar, 2001). 

Management of diseases and pests has a number of 

strategies involved. Apart from chemicals, several other 

measures for the management of such deterrents of crop 

productivity are available and biological control is one of 

the most promising methods to manage crop pests (Dey, 
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2016) and diseases. Cultural, mechanical, botanical 

(Seethapathy et al., 2016) and genetic measures are some 

other relatively less effective measures available for a 

number of plant protection issues. Their integration in a 

complementary manner to obtain maximum impact is the 

strategy called integrated disease management. 

Rice is an important food grain crop of District Mirzapur. 

Farmers cultivate several high-yielding and scented 

varieties of rice in Jamalpur Development Block of the 

district, along with improved rice varieties in other irrigated 

as well as rainfed parts of the district. However, in the 

recent past, a high emergence of Bacterial leaf blight 

disease has been noticed, resulting in yield loss of this 

important crop. The basic idea of the investigation was to 

identify the most effective strategy for managing the 

disease, reduce the yield losses from it and enhance the 

monetary gains in terms of BCR and ICBR. Although there 

are recommendations for the effective management of 

various diseases of plant, there is a need for assessment of 

the potential of location-specific technologies for better 

results. 

The current investigation was, therefore, conducted with the 

objectives to assess the impact of integrated disease 

management of bacterial leaf blight on the following when 

compared to the conventional control methods and 

recommended chemical control. 

1. Incidence of the Bacterial leaf blight 

2. Crop yield 

3. Returns (gross return and net return) from the crop 

4. Economics of the crop (BCR and ICBR) 

MATERIALS AND METHODS 

An on-farm trial was carried out to assess the response of 

control measures in integrated form and the relative effect 

of the conventional practice (also called farmers’ practice) 

that served as conventional check (control) and chemical 

control measures. The details of the treatments are 

hereunder: 

T1: No Seed Treatment, Spray of Mancozeb @ 0.2% 

(Farmers practice/ Conventional control). 

T2: Seed Treatment (with Streptocycline 4 g + Carbendazim 

90 g in 45 litre water per 25 kg seeds) + Two sprays (of 15 

g Streptocycline + 500 g Copper oxychloride in 600-800 

litre water ha-1) at 15 days interval in the standing crop 

(Chemical control). 

T3: Field sanitation + Judicious application of fertilizers 

after soil testing + Transplantation at recommended spacing 

(25 cm × 25 cm) + Seed treatment with Bleaching powder 

(@ 100 µg ml-1 of water) and ZnSO4 (Zinc sulphate) (2%) 

(Integrated disease management - IDM). 

The benefit cost ratio, or B:C or BCR, is the ratio that 

results from dividing the benefit stream by the present value 

of the costs. When the ratio is smaller than 1.0, there are 

more expenses than benefits. However, if the value of ratio 

is more than 1.0, the benefits outweigh the costs incurred 

(Gittenger, 1982; Jehanzeb, 1999). It reflects the gross 

monetary return for every unit of money incurred as the cost 

of the enterprise. The benefit-cost ratio was estimated using 

the following formula: 

 

The incremental cost-benefit ratio (ICBR) is the net 

monetary return or profit for every unit of money incurred 

as costs of the enterprise. ICBR was calculated using the 

following formula: 

 

All the treatments were replicated four times. The statistical 

design used was simple randomized block design (RBD) 

and the data obtained were analyzed accordingly. 

RESULTS AND DISCUSSION 

Effect on Disease Incidence 

The findings of the investigation on this parameter are 

presented in table 1 and figure 1. It is evident from a careful 

perusal of the data that the incidence (%) of bacterial leaf 

blight was decreased significantly as compared to the 

conventional control and chemical control. The disease 

incidence (%) recorded in the conventional control (T1) was 

as much as 18%, which was reduced to 11.32% in chemical 

control (T2) and it was recorded minimum (7.81) in the 

IDM module (T3) being significantly lower than the other 

two treatments. 

Effect on Crop Economics 

The results on this parameter are presented in table 2 and 

figure 2 to 4. Crop yield (q ha-1), gross return (Rs. ha-1), 

gross cost (Rs. ha-1), net return (Rs. ha-1), BCR and ICBR 

were the parameters used for the assessment of crop 

economy and comparison of treatments. 

Yield 

The yield of crops under various treatments was negatively 

associated with the incidence of the disease. The 
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conventional control yielded 37.52 quintals ha-1 and the 

chemical control yielded 40.63 q ha-1, which had an 

increase of 8.29% over the conventional control. Integrated 

disease management (T3); however, was found to be the 

most rewarding option, with a yield of 41.39 q ha-1 

recording a huge 10.31% increase over the conventional 

control. 

Table 1: Impact of integrated disease management on 

bacterial leaf blight in rice cultivation 

Treatment 
Incidence of 

BLB (%) 

T1 (Conventional Control) 18.00 

T2 (Chemical Control) 11.32 

T3 (Integrated Disease Management) 7.81 
 

 

 

 

Figure 1: Impact of integrated disease management on the 

incidence (%) of bacterial leaf blight in rice cultivation 

Table 2: Effect of integrated disease management on the economics of rice cultivation 

Treatment 

Yield of 

treatments 

(q ha-1) 

Increase in 

yield 

(%) 

Economics of Treatments 

Gross Cost Gross Return Net Return 
BCR ICBR 

(Rs. ha-1) 

T1 37.52 - 15,749.00 37,520.00 21,771.00 2.38 1.38 

T2 40.63 8.29 16,256.00 40,630.00 24,374.00 2.50 1.50 

T3 41.39 10.31 15,947.00 41,390.00 25,443.00 2.60 1.60 

 

 

Figure 2: Impact of integrated disease management on the 

yield of rice crop 

Cost of Cultivation and Returns from the Crop 

Among the three treatments, chemical control (T2) was the 

most expensive treatment for disease management with the 

gross cultivation cost being Rs. 16,256.00 ha-1. It was 

followed by the Integrated Disease Management (T3) with 

an average gross cost of Rs. 15,947.00 ha-1. Conventional 

control or check (T1) was the cheapest option for the 

management of BLB in rice. 

 

Figure 3: Impact of integrated disease management on the 

returns from rice crop 

As much as gross returns of the treatments are concerned, 

integrated disease management (T3) was the most rewarding 

among all the treatments with a gross return of Rs. 

41,390.00 ha-1. It was followed by chemical control (T2) 

with the same being Rs. 40,630.00 ha-1. Conventional 

control or check was; however, the least remunerative 

among all the three treatments with a gross return of Rs. 

37,520.00 ha-1. 
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Figure 4: Impact of integrated disease management on the 

economics of rice crop 

Among all the three treatments, the net return was 

maximum in the case of integrated disease management (T3) 

with Rs. 25,443.00 ha-1 followed by chemical control (T2) 

with Rs. 24,374.00 ha-1. Conventional control or check (T1) 

was, however, the least profitable among all the treatments. 

The BCR and ICBR were calculated to assess the viability 

and profitability of the treatment options. Integrated disease 

management (T3) was most remunerative for every unit of 

cost incurred in the cultivation of the crop with BCR and 

ICBR being 2.60 and 1.60, respectively. It was followed by 

chemical control (T2) for which the values of above were 

2.50 and 1.50, respectively. The conventional control (T1), 

however, stood the least remunerative on this parameter. 

According to Tagami and Mizukami (1962), applying a 

spray solution containing streptomycin and copper 

oxychloride can effectively suppress the growth of Xoo. 

When Srivastava (1972) evaluated the streptomycin mixture 

to decontaminate rice seeds, he recommended an 

appropriate course of treatment to combat the infection. 

Hori (1973) found that spraying a mixture of streptomycin 

and copper oxychloride prevented the development of 

bacteria. According to Chand et al. (1979), the lesions 

caused by the bacteria in rice were considerably diminished 

through the application of bleaching powder and 30% 

chlorine at a dosage of 2 kg ha-1. Nasir et al. (2019) have 

reported a 76.48% reduction in the BLB over the untreated 

control with a corresponding 2.90% increase in the yield of 

rice crop. They also found streptomycin sulphate effective 

and reported 92.23% disease reduction over the untreated 

control with a 3.55% increase in the crop yield. 

The goal of integrated disease management (IDM) is to 

effectively manage and control illnesses in humans and in 

different agricultural settings using a holistic strategy. 

Several tactics, including prevention, early detection, 

diagnosis, treatment and continuous monitoring, are used in 

this comprehensive strategy to reduce the impact of diseases 

on people, communities and agriculture (Gurjar et al., 

2018). IDM aims to maximize disease management efforts, 

improve people's general well-being and strengthen the 

sustainability of agricultural systems by combining different 

approaches and disciplines. IDM is essential for 

maintaining public health and our food systems' resilience 

and production in this age of rising disease burdens and new 

dangers. In order to control diseases of major importance, 

integrated disease management combines the 

implementation of sound agricultural practices with farming 

approaches that are socially, chemically and biologically 

acceptable (Khokhar and Gupta, 2014). Integrated 

management is a practice that relies on decisions and 

involves the coordinated use of several strategies to 

maximize disease control in an environmentally and 

financially sustainable way (Khokhar and Gupta, 2014). 

However, the application of integrated management 

techniques must be comprehensive in order to incorporate 

all available control strategies. The package ought to be 

designed such that farmers could readily comprehend and 

implement it (Ameyaw et al., 2014). Integrated disease 

management has been shown to be highly effective in 

managing various plant diseases (Srivastava and Saksena, 

1968; Locke et al., 1985; Upadhyay and Rai, 1989). IPM 

reduces the amount of fungicides used to the minimum 

required to produce the desired results. This method does 

not, however, do away with the requirement for fungicides. 

CONCLUSION 

Bacterial leaf blight in rice or paddy crop is a serious threat 

to its cultivation and economics. Various strategies have 

been developed for its management to mitigate the losses 

attributed to the disease. Integrated disease management or 

IDM advocates the integration of all the available measures 

for the management of a given disease to obtain maximum 

reduction in the amount of disease with minimum efforts 

and investments. The present investigation aims to assess 

the available and adopted measures for controlling the 

bacterial leaf blight of rice in Mirzapur district of Uttar 

Pradesh (India) and it was found that IDM was superior to 

the conventional control methods (farmers practice as 

adopted in the region of investigation) and recommended 

chemical control, not only in terms of reducing the disease 

incidence (%), but also in improving crop economics with 

best BCR and ICBR. 

 



Innovative Farming 5(4): 160-166                       Rai, 2020                                www.innovativefarming.in 

 

Page | 165  

Acknowledgements 

The author acknowledges the financial and material support 

facilitated by the Indian Council of Agricultural Research 

(ICAR), Ministry of Agriculture, Government of India and 

Banaras Hindu University, Varanasi. 

REFERENCES 

Adhikari, T.B., Mew, T.W., Teng, P.S., 1994. Progress of 

bacterial blight on rice cultivars carrying different Xa 

genes for resistance in the field. Plant Disease 78, 73-

77. DOI: https://doi.org/10.1094/PD-78-0073. 

Agrios, G.N., 1997. Plant Pathology, 4th Edition. Academic 

Press, New York, USA. p. 635. 

Ameyaw, G.A., Dzahini-Obiatey, H.K., Domfeh, O., 2014. 

Perspectives on cocoa swollen shoot virus disease 

(CSSVD) management in Ghana. Crop Protection 65, 

64-70. DOI: https://doi.org/10.1016/j.cropro.2014.07. 

001. 

Anonymous, 2007. Xanthomonas oryzae. Bulletin 

OEPP/EPPO Bulletin 37, 543-553. 

Ansari, M.M., Sridhar, R., 2001. Iron nutrition and 

virulence in Xanthomonas oryzae pv. oryzae. Indian 

Phytopathology 54(3), 179-183. 

Banik, P., 1999. Cold injury problems in Boro Rice. In: 

Proceedings of the Workshop on Modern Rice 

Cultivation in Bangladesh. Bangladesh Rice Research 

Institute, Joydevpur, Gazipur, Bangladesh, 14-16 

February, 1999. p. 37. 

Chand, T., Singh, N., Singh, H., Thind, B.S., 1979. Field 

efficacy of stable bleaching powder to control bacterial 

blight of rice in rice. International Rice Research 

Newsletter 4(4), 12-13. 

Cheng, S.H., Cao, L.Y., Zhuang, J.Y., Chen, S.G., Zhan, 

X.D., Fan, Y.Y., Zhu, D.F., Min, S.K., 2007. Super 

hybrid rice breeding in China: Achievements and 

prospects. Journal of Integrative Plant Biology 49(6), 

805-810. DOI: https://doi.org/10.1111/j.1744-7909.2007 

.00514.x. 

Dey, D., 2016. Papaya mealybug and its biological control - 

A review. Innovative Farming 1(1), 1-7. 

Elings, A., Reddy, P.R., Marimuthu, T., Rossing, W.A.H., 

Jansen, M.J.W., Teng, P.S., 1997. Rice bacterial leaf 

blight: Field experiments, systems analysis and damage 

coefficients. Field Crops Research 51(1-2), 113-131. 

DOI: https://doi.org/10.1016/S0378-4290(96)01036-2. 

FAO, 2017. The State of Food Security and Nutrition in the 

World: Building Resilience for Peace and Food 

Security. FAO, Rome, Italy. p. 117. URL: 

https://openknowledge.fao.org/server/api/core/bitstream

s/5bc8dad9-a192-439f-827b-354acc9653de/content. 

Gittenger, J.P., 1982. Economic Analysis of Agricultural 

Project, 2nd Edition. The Johns Hopkins University 

Press, Baltimore, Maryland. p. 505. 

Gumma, M.K., Nelson, A., Thenkabail, P.S., Singh, A.N., 

2011. Mapping rice areas of South Asia using MODIS 

multitemporal data. Journal of Applied Remote Sensing 

5(1), 053547. DOI: https://doi.org/10.1117/1.3619838. 

Gurjar, M.S., Saharan, M.S., Aggarwal, R., 2018. Integrated 

disease management practices for sustainable agriculture 

under ICM approach. In: Integrated Crop Management 

Practices for Enhancing Productivity Resource Use 

Efficiency, Soil Health and Livelihood Practices. (Eds.) 

Chaoudhary, A.K., Bana, R.S. and Pooniya, V. ICAR-

Indian Agricultural Research Institute, New Delhi. pp. 

113-120. 

Hori, M., 1973. Nippon Shin-noyaku Mongatri. Japan Plant 

Protection Association, Tokyo, Japan. p. 622. 

Ishiyama, S., 1922. Studies on bacterial leaf blight of rice. 

In: Report of Imperial Agricultural Station. Nishigahara 

(Konosu) 45, 233-261. 

Jehanzeb, C., 1999. Economic efficiency of the Agrarian 

structure in the North West Frontier Province of 

Pakistan: An econometric analysis. PhD Thesis, Dept. of 

Economics. University of Peshawar, Peshawar, 

Pakistan. 

Khokhar, M.K., Gupta, R., 2014. Integrated disease 

management. Popular Kheti 2(1), 87-91. 

Locke, J.C., Marois, J.J., Papavizas, G.C., 1985. Biological 

control of Fusarium wilt of greenhouse grown 

chrysanthemums. Plant Disease 69, 167-169. DOI: 

https://doi.org/10.1094/PD-69-167. 

Matthews, R.B., Kropff, M.J., Bachelet, D., van Laar, H.H., 

1995. Modeling the Impact of Climate on Rice 

Production in Asia. CAB International, Wallingford, 

UK and International Rice Research Institute, Manila, 

Philippines. p. 289. 

Mew, T.W., 1987. Current status and future prospects of 

research on bacterial blight of rice. Annual Review of 

Phytopathology 25, 359-382. DOI: https://doi.org/ 

10.1146/annurev.py.25.090187.002043. 

Mew, T.W., Alvarez, A.M., Leach, J.E., Swings, J., 1993. 

Focus on bacterial blight of rice. Plant Disease 77, 5-12. 

DOI: https://doi.org/10.1094/PD-77-0005. 



Innovative Farming 5(4): 160-166                       Rai, 2020                                www.innovativefarming.in 

 

Page | 166  

Nasir, M., Iqbal, B., Hussain, M., Mustafa, A., Ayub, M., 

2019. Chemical management of bacterial leaf blight 

disease in rice. Journal of Agricultural Research 57(2), 

93-98. 

Nino-Liu, D.O., Ronald, P.C., Bogdanove, A.J., 2006. 

Xanthomonas oryzae pathovars: Model pathogens of a 

model crop. Molecular Plant Pathology 7(5), 303-324. 

DOI: https://doi.org/10.1111/j.1364-3703.2006.00344.x. 

Nyvall, R.F., 1999. Field Crop Diseases, 3rd Edition. Iowa 

State University Press, Ames, USA. p. 1021. 

Ou, S.H., 1985. Rice Diseases, 2nd Edition. Commonwealth 

Mycological Institute. Kew, Surrey, England, UK. p. 

380. 

Qian, G., Zhou, Y., Zhao, Y., Song, Z., Wang, S., Fan, J., 

Hu, B., Venturi, V., Liu, F., 2013. Proteomic analysis 

reveals novel extracellular virulence-associated proteins 

and functions regulated by the diffusible signal factor 

(DSF) in Xanthomonas oryzae pv. oryzicola. Journal of 

Proteome Research 12(7), 3327-3341. DOI: https:// 

doi.org/10.1021/pr4001543. 

Reddy, A.P.K., 1989. Bacterial blight: Crop loss assessment 

and disease management. In: Bacterial of Blight Rice. 

Proceedings of the International Workshop on Bacterial 

Blight of Rice. International Rice Research Institute, 

Manila, Philippines. 14th-18th March, 1988. pp. 79-88. 

Ryan, R.P., Vorhölter, F.J., Potnis, N., Jones, J.B., Van 

Sluys, M.A., Bogdanove, A.J., Dow, M.J., 2011. 

Pathogenomics of Xanthomonas: Understanding 

bacterium-plant interactions. Nature Reviews 

Microbiology 9, 344-355. DOI: https://doi.org/10.1038/ 

nrmicro2558. 

Seethapathy, P., Jayaraman, R., Palani, N., Kuppusami, P., 

2016. Botanicals in eco-friendly post harvest disease 

management. Innovative Farming 1(3), 67-71. 

Srivastava, D.N., 1972. Bacterial blight of rice. Indian 

Phytopathology 25, 1-16. 

Srivastava, S., Saksena, S.B., 1968. Studies on rhizosphere 

and rhizoplane microflora of potato with special 

reference to black scurf and wilt disease. Bulletin of 

Indian Phytopathological Society 4, 107-119. 

Swings, J., Mooter, M.V.D., Vauterin, L., Hoste, B., Gillis, 

M., Mew, T.W., Kersters, K., 1990. Reclassification of 

the causal agents of bacterial blight (Xanthomonas 

campestris pv. oryzae) and bacterial leaf streak 

(Xanthomonas campestris pv. oryzicola) of rice as 

pathovars of Xanthomonas orzae (ex Ishiyama 1922) sp. 

nov., nom. rev. International Journal of Systematic 

Bacteriology 40(3), 309-311. DOI: https://doi.org/10. 

1099/00207713-40-3-309. 

Tagami, Y., Mizukami, T., 1962. Historical review of the 

researches on bacterial leaf blight of rice caused by 

Xanthomonas oryzae (Uyeda et Ishiyama) Dowson. 

Special Report of the Plant Diseases and Insect Pests 

Forecasting Service No. 10. Plant Protection Division, 

Ministry of Agriculture and Forestry, Tokyo, Japan. p. 

112. 

Tian, Y., Zhao, Y., Xu, R., Liu, F., Hu, B., Walcott, R.R., 

2014. Simultaneous detection of Xanthomonas oryzae 

pv. oryzae and X. oryzae pv. oryzicola in Rice seed 

using a padlock probe-based assay. Phytopathology 

104(10), 1130-1137. DOI: https://doi.org/10.1094/ 

PHYTO-10-13-0274-R. 

Tian, F., Yu, C., Li, H., Wu, X., Li, B., Chen, H., Wu, M., 

He, C., 2015. Alternative sigma factor RpoN2 is 

required for flagellar motility and full virulence of 

Xanthomonas oryzae pv. oryzae. Microbiological 

Research 170, 177-183. DOI: https://doi.org/10.1016/j. 

micres.2014.07.002. 

Upadhyay, R.S., Rai, B., 1989. Wilt disease of pigeonpea 

and its causal organism, Fusarium udum. In: 

Perspectives of Phytopathology. (Eds.) Agnihotri, V.P., 

Singh, U.S., Chaube, H.S., Singh, N. and Dwivedi, T.S. 

Today and Tomorrow's Printers and Publishers, New 

Delhi. pp. 241-275. 

Yu, X., Liang, X., Liu, K., Dong, W., Wang, J., Zhou, 

M.G., 2015. The thiG gene is required for full virulence 

of Xanthomonas oryzae pv. oryzae by preventing cell 

aggregation. PLoS ONE 10(7), e0134237. DOI: https:// 

doi.org/10.1371/journal.pone.0134237. 

 How to cite this article? 

Rai, J.P., 2020. Response of technological options for the management of bacterial leaf blight disease on disease 

incidence and crop economy. Innovative Farming 5(4): 160-166. 


