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Field screening Traditional Rice Varieties against brown spot disease of rice
ABSTRACT
Brown spot of rice (BSR), caused by Bipolaris oryzae (Breda de Haan) Shoem., is one of the most destructive foliar diseases affecting rice production worldwide, particularly in India. The disease significantly reduces grain yield and quality, posing a major constraint to sustainable rice cultivation. Despite its economic importance, the unavailability of resistant cultivars continues to challenge effective management. Traditional rice varieties (TRVs) represent valuable genetic resources and are often rich reservoirs of genes conferring resistance to various biotic stresses. However, their potential as sources of resistance against BSR remains largely unexplored. The present investigation aimed to assess the resistance potential of 150 TRVs under field conditions at the All India Coordinated Rice Improvement Project (AICRIP) center, Agricultural Research Station (ARS), Gangavathi, Karnataka, India. Screening was conducted using artificial inoculation with a highly virulent isolate of B. oryzae (strain Bo-Gvt-01). Disease reactions were recorded at the maximum tillering stage following the Standard Evaluation System (SES) for rice. The results revealed a wide range of disease severity among the TRVs; however, none exhibited resistant or moderately resistant reactions to BSR, indicating a lack of effective resistance genes within the tested germplasm. The predominance of susceptible reactions underscores the vulnerability of existing traditional germplasm to B. oryzae infection. These findings highlight the urgent need to identify novel resistance sources from unexplored landraces, wild relatives, or induced mutants. Furthermore, integration of host resistance with eco-friendly and cost-effective management approaches, including cultural, biological, and integrated disease management strategies, is essential for the sustainable control of brown spot disease in rice.
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INTRODUCTION
Rice (Oryza sativa L.) is one of the most important cereal crops worldwide, serving as the staple food for more than half of the global population. Along with wheat and maize, it forms the backbone of human diets and is often referred to as the “global grain” (Acharya et al., 2019). Compared with other cereals, rice provides the highest caloric and carbohydrate yield per hectare (Acharya et al., 2019) and contributes nearly 27% of global dietary energy and 20% of protein intake. Asia alone accounts for more than 90% of rice production and consumption (Khush, 2013). Globally, rice is cultivated over 167.55 mha with a production of 521.52 mmt (Anon., 2024). In India, rice occupies 47.83 mha, producing 13.78 mmt with an average productivity of 2.87 t ha⁻¹, while in Karnataka it is grown on 0.93 mha with 3.01 mmt of production and 3.03 t ha⁻¹ productivity (Anon., 2023).

Despite its importance, rice productivity is constrained by several biotic and abiotic stresses. Among the biotic stresses, diseases such as sheath blight and stem rot (Pramesh et al., 2017b; Pramesh et al., 2017a; Pramesh et al., 2017b; Pramesh et al., 2016a; Pramesh et al., 2017c;  Pramesh et al., 2017e) bacterial blight (Pramesh et al., 2017d; Raghunandana 2023b, Raghunandana 2023a; Reddy et al., 2023) blast (Amoghavarsha et al., 2022a; Amoghavarsha et al., 2021;  Amoghavarsha et al., 2022b;  Amoghavarsha et al., 2022c; Amruta et al., 2019; Devanna et al., 2024; Jeevan et al., 2023; Pramesh et al., 2023c; Pramesh et al., 2020a; Pramesh et al., 2016b; Prasanna et al., 2021; Sharma et al., 2021; Yadav et al., 2019b; Yadav et al., 2019a; Karan et al., 2025; Pramesh et al., 2023; Priyanka et al., 2021; Reddy et al., 2023; Pramesh et al., 2020; Kumar et al., 2019; Yadav et al., 2019; Devanna et al., 2024; Banakar et al., 2023) false smut (Alase et al., 2024;Huded et al.,2025; Huded et al., 2022; Muniraju 2017 Pramesh et al., 2020d;  Pramesh et al., 2020; Sharanabasav et al., 2020; Sharanabasav et al., 2021) and brown spot (BSR) (Pramesh et al., 2024; Pramesh et al., 2025) grain discoloration (alase et al., 2024; Huded et al.,2025; Huded et al., 2022; Muniraju 2017) cause substantial yield losses (Pramesh et al., 2017; Amoghavarsha et al., 2022; Sharanabasav et al., 2021; Pramesh et al., 2024). Brown spot of rice, caused primarily by Bipolaris oryzae (syn. Drechslera oryzae, Helminthosporium oryzae), and occasionally by emerging pathogens such as Curvularia spp. and Setosphaeria spp., is recognized as one of the most destructive foliar diseases of rice (Mew and Gonzales, 2002; Pramesh et al., 2024).
BSR can affect rice throughout its life cycle, producing characteristic reddish-brown to grey lesions on leaves, sheaths, and grains, which reduce photosynthetic efficiency and grain quality (Lee, 1992; IRRI, 2014). Yield losses may range from 4% to as high as 90%, depending on disease severity and cropping conditions (Barnwal et al., 2013). Historically, BSR has been associated with severe famines, including the Bengal famine of 1942-45, which claimed nearly two million lives (Padmanabhan, 1973). In India, the disease is endemic across rice-growing regions, with hotspots in southern and southeastern states (Savary et al., 2000; Reddy et al., 2010). In Karnataka, the disease is particularly problematic in direct-seeded rice (DSR) cultivated in hilly areas of the Tungabhadra and Upper Krishna command regions (Pramesh et al., 2024).

Although rice diseases managed by various approaches such as bioformulation, bioagent (Alase et al., 2024) biopriming of rice seed with bacteria strains for seed borne disease (Amruta et al., 2019; Prasanna et al., 2021) microbiome (Usha et al., 2025) plant based phenolic compound-Thymol plant based essential oil for management of sheath blight (Usha et al., 2024) chlorine based chemical compound for management of BLB i.e., bromopol (Pramesh et al 2017d). Rice disease manged by various combination of novel fungicides i.e., for false smut (Alase et al., 2024; Muniraju et al., 2017; Sharanabasav et al., 2020) for blast disease (Amoghavarsha et al., 2021; Pramesh et al., 2020a; Pramesh et al., 2016b; Sharma et al., 2021; Pramesh et al., 2020) sheath blight (Pramesh et al., 2017a; Pramesh et al., 2017c; Pramesh et al., 2017e; Pramesh et al., 2016a) stem rot (Pramesh et al., 2017b) through nutrient management (Pramesh et al., 2024 ) bacterial leaf blight (Pramesh et al., 2017d) host plant resistance for disease resistance varieties  false smut (Huded et al., 2025) for blast Devanna et al., 2024 identified the QTLs for rice blast resistance (Jeevan et al., 2023) for blast (Pramesh et al., 2023c; Sharma et al., 2021; Yadav et al., 2109b; Yadav et al., 2019a; Karan et al., 2025; Reddy et al., 2023) rice -blast M. oryzae transcriptomics for host defence activity (Banakar et al., 2023) bacterial leaf blight (Reddy et al., 2023). Various researchers characterized the pathogen  population structure various rice pathogens that help in identification of new races, biotypes, and pathotypes such as for false smut (Sharanabasav et al., 2021; Pramesh et al., 2020d) blast (Amoghavarsha et al., 2022b; Amoghavarsha et al.,  2022c) for blast Priyank et al., 2024; Kumar et al., 2019; Banakar et al., 2023) sheath blight (Nagaraj et al., 2019) bacterial leaf blight  (Raghunandana et al., 2023a) traditional rice varieties (Yadav et al., 2019a; Yadav et al., 2019b; Huded et al., 2025) aspects available for rice of BSR remains difficult due to its complex etiology and the absence of durable host resistance. Recommended practices include the use of clean seeds, balanced nutrient management, irrigation management, and fungicide applications (Zadoks, 2002; Mandal and Jha, 2008; Asghar et al., 2019). Although resistant cultivars provide the most cost-effective and eco-friendly control option (Zadoks, 2002; Magar, 2015), only a few resistant donors have been reported, and their resistance often breaks down due to the emergence of new virulent pathogen strains (Asghar et al., 2007; Katsantonis et al., 2007; Pramesh et al., 2024).

Traditional rice varieties (TRVs) represent an underutilized genetic reservoir for disease resistance. Having evolved under diverse agroecological conditions, TRVs harbor unique resistance genes that could be exploited in breeding programs (Yan et al., 2017). However, limited genetic characterization and the focus of breeding programs on high-yielding cultivars have left the resistance potential of TRVs largely unexplored.

Given the lack of effective resistant sources in modern cultivars and the increasing severity of BSR in India, systematic evaluation of TRVs is essential. The present study was undertaken to phenotypically screen 150 TRVs for resistance against brown spot disease under field conditions using artificial inoculation with a virulent isolate at AICRIP-ARS, Gangavathi, India. The findings provide critical insights into the potential of TRVs as resistance donors and highlight the need for alternative strategies for sustainable management of BSR.

MATERIALS AND METHODS
Experimental layout
A total of 150 traditional rice varieties (TRVs) (Table 2) were evaluated for their response to brown spot disease under field conditions at AICRIP-ARS, Gangavathi, India. Each TRV was sown in a single row of 50 cm length with a row-to-row spacing of 10 cm. To maintain uniform and high disease pressure, each experimental bed and the entire nursery were bordered on all sides with two rows of the highly susceptible check variety ‘Gangavathi Sona’ (GNV-05-01) (Fig. 1).

Artificial inoculation
A virulent isolate of Bipolaris oryzae (Bo-Gvt-1), originally collected from ARS, Gangavathi, was used for inoculation. The isolate was cultured on potato dextrose agar (PDA) medium for 12–15 days, after which a spore suspension was prepared by blending mycelia and conidia in sterile distilled water. The suspension was sprayed onto rice seedlings twice, at 30 and 40 days after sowing (DAS), to ensure adequate infection.

Disease assessment
Disease severity was recorded 15 days after the second inoculation. The degree of resistance or susceptibility of each TRV was evaluated using the Standard Evaluation System (SES) for rice developed by IRRI (2014) (Table 1).

                             Fig 1. Field view of the screening experiment 

Table 1. Disease scoring scale for Brown spot Disease in rice as per SES, IRRI, (2014)

	Scale
	% foliar infected

	0
	No incidence

	1
	Less than 1%

	2
	1-3%

	3
	4-5%

	4
	6-10%

	5
	11-15%

	6
	16-25%

	7
	26-50%

	8
	51-75%

	9
	76-100%


RESULTS AND DISCUSSION


Brown spot of rice (BSR) is a devastating disease with historical significance, having contributed to the Bengal famine of 1942-45 in India. In the absence of resistant high-yielding cultivars, breeding for host resistance remains one of the most sustainable and cost-effective strategies for disease management. TRVs with their unexplored genetic diversity, are often considered potential reservoirs of resistance genes against multiple rice diseases. However, the present investigation, which screened 150 TRVs for resistance to Bipolaris oryzae, revealed that none of the varieties exhibited resistant (R) or moderately resistant (MR) reactions. Instead, all TRVs displayed varying levels of susceptibility, with 30 varieties scoring 7, 14 scoring 8, and the remaining 106 scoring 9 on the IRRI (2014) disease scale.

These findings align with those of Magar (2015), who reported the absence of resistant genotypes among 14 lowland rice entries, although two lines showed moderate resistance. Similarly, Arshad et al. (2008) identified only one resistant genotype among 70 screened, while Alam et al. (2016) found a few resistant and moderately resistant genotypes among 25 evaluated. In contrast, other studies have documented higher levels of resistance in certain germplasm pools. For example, Pantha et al. (2017) identified one highly resistant and two resistant entries out of 20 genotypes, while Jha et al. (1999) reported six highly resistant and three resistant lines among 50 accessions. Goel et al. (2006) also observed substantial resistance in wild rice, with 15 resistant and 78 moderately resistant accessions out of 219 tested. Earlier, Omar (1979) and Satija et al. (2005) had also reported resistant genotypes within diverse rice germplasm, while Hossain et al. (2004), Shukla et al. (1995), and Mau et al. (2020) recorded partial resistance in a limited number of upland or pigmented rice entries. Dariush et al. (2020), who screened 95 genotypes, reported 22 resistant to moderately resistant lines. These contrasting results across studies largely reflect differences in germplasm composition, ecological adaptation, and the virulence of the pathogen isolates used.

The absence of resistance in the present set of TRVs underscores the genetic vulnerability of cultivated rice to BSR in the study region. It also highlights the importance of expanding the search to include wild rice accessions, landraces from diverse agroecological zones, and molecular approaches such as genome-wide association studies (GWAS) and QTL mapping for resistance gene discovery.

Several mechanisms have been proposed to explain rice resistance to BSR. Ou (1985) suggested that resistance may be associated with structural traits such as thicker epidermal layers and higher numbers of silicated cells. In contrast, Purkayastha and Chattopadhyay (1975) reported no direct correlation between these anatomical features and resistance. Biochemical defenses have also been implicated: the synthesis and oxidation of polyphenols (Oku, 1965; Ou, 1985), higher levels of reducing substances such as glutathione and ascorbic acid (Oku, 1965), and differences in nitrogen metabolism have all been linked to host resistance or susceptibility. Interestingly, Ou (1985) observed that plants with greater dry mass, higher protein, and free amino acid content were often more prone to infection, suggesting a complex interaction between plant nutrition and disease development.

Taken together, the variation in resistance levels reported across studies and the diversity in proposed defense mechanisms indicate that resistance to BSR is a polygenic and environmentally influenced trait. The present study contributes to this growing body of evidence by confirming the lack of resistant sources among the tested TRVs and reinforcing the need to broaden germplasm evaluation and integrate molecular tools for resistance breeding.

Table 2: Response of traditional rice varieties to brown spot in field condition.

	Sl. No
	TRVs
	Disease Score (0-9)
	Phenotypic reaction
	Sl. No
	TRVs
	Disease Score (0-9)
	Phenotypic reaction

	1
	GP001
	9
	S
	31
	GP040
	9
	S

	2
	GP002
	9
	S
	32
	GP047
	9
	S

	3
	GP003
	8
	S
	33
	GP048
	7
	S

	4
	GP007
	9
	S
	34
	GP051
	9
	S

	5
	GP008
	7
	S
	35
	GP054
	9
	S

	6
	GP009
	9
	S
	36
	GP055
	7
	S

	7
	GP010
	7
	S
	37
	GP057
	9
	S

	8
	GP011
	9
	S
	38
	GP060
	9
	S

	9
	GP012
	9
	S
	39
	GP061
	7
	S

	10
	GP013
	9
	S
	40
	GP066
	9
	S

	11
	GP014
	9
	S
	41
	GP067
	7
	S

	12
	GP015
	7
	S
	42
	GP068
	8
	S

	13
	GP016
	7
	S
	43
	GP069
	7
	S

	14
	GP017
	9
	S
	44
	GP070
	9
	S

	15
	GP019
	9
	S
	45
	GP071
	7
	S

	16
	GP020
	8
	S
	46
	GP075
	9
	S

	17
	GP021
	9
	S
	47
	GP076
	9
	S

	18
	GP022
	9
	S
	48
	GP077
	9
	S

	19
	GP025
	9
	S
	49
	GP078
	7
	S

	20
	GP028
	7
	S
	50
	GP079
	9
	S

	21
	GP029
	7
	S
	51
	GP080
	7
	S

	22
	GP030
	7
	S
	52
	GP081
	9
	S

	23
	GP031
	7
	S
	53
	GP083
	9
	S

	24
	GP032
	9
	S
	54
	GP085
	8
	S

	25
	GP034
	9
	S
	55
	GP086
	9
	S

	26
	GP035
	9
	S
	56
	GP087
	9
	S

	27
	GP036
	8
	S
	57
	GP088
	7
	S

	28
	GP037
	9
	S
	58
	GP089
	7
	S

	29
	GP038
	9
	S
	59
	GP092
	9
	S

	30
	GP039
	9
	S
	60
	GP094
	9
	S

	61
	GP095
	8
	S
	107
	GP166
	7
	S

	62
	GP096
	9
	S
	108
	GP167
	9
	S

	63
	GP097
	9
	S
	109
	GP168
	8
	S

	64
	GP099
	9
	S
	110
	GP169
	8
	S

	65
	GP100
	9
	S
	111
	GP170
	9
	S

	66
	GP102
	9
	S
	112
	GP171
	9
	S

	67
	GP107
	9
	S
	113
	GP172
	9
	S

	68
	GP108
	9
	S
	114
	GP173
	9
	S

	69
	GP109
	8
	S
	115
	GP174
	9
	S

	70
	GP110
	9
	S
	116
	GP175
	9
	S

	71
	GP113
	9
	S
	117
	GP176
	9
	S

	72
	GP118
	9
	S
	118
	GP177
	7
	S

	73
	GP119
	9
	S
	119
	GP178
	9
	S

	74
	GP120
	8
	S
	120
	GP179
	9
	S

	75
	GP122
	7
	S
	121
	GP180
	9
	S

	76
	GP123
	9
	S
	122
	GP181
	9
	S

	77
	GP124
	9
	S
	123
	GP182
	9
	S

	78
	GP125
	9
	S
	124
	GP183
	9
	S

	79
	GP126
	9
	S
	125
	GP184
	7
	S

	80
	GP127
	9
	S
	126
	GP185
	8
	S

	81
	GP129
	9
	S
	127
	GP186
	9
	S

	82
	GP130
	7
	S
	128
	GP187
	9
	S

	83
	GP131
	9
	S
	129
	GP188
	9
	S

	84
	GP132
	9
	S
	130
	GP191
	9
	S

	85
	GP135
	7
	S
	131
	GP192
	7
	S

	86
	GP137
	8
	S
	132
	GP197
	9
	S

	87
	GP138
	9
	S
	133
	GP198
	9
	S

	88
	GP140
	9
	S
	134
	GP199
	9
	S

	89
	GP141
	9
	S
	135
	GP201
	9
	S

	90
	GP143
	7
	S
	136
	GP202
	9
	S

	91
	GP144
	9
	S
	137
	GP207
	9
	S

	92
	GP149
	9
	S
	138
	GP210
	9
	S

	93
	GP150
	9
	S
	139
	GP212
	7
	S

	94
	GP151
	9
	S
	140
	GP214
	7
	S

	95
	GP152
	7
	S
	141
	GP215
	9
	S

	96
	GP153
	8
	S
	142
	GP218
	9
	S

	97
	GP154
	9
	S
	143
	GP219
	9
	S

	98
	GP155
	9
	S
	144
	GP220
	9
	S

	99
	GP156
	9
	S
	145
	GP221
	9
	S

	100
	GP157
	9
	S
	146
	GP222
	9
	S

	101
	GP158
	9
	S
	147
	GP224
	7
	S

	102
	GP159
	9
	S
	148
	GP226
	9
	S

	103
	GP160
	9
	S
	149
	GP228
	9
	S

	104
	GP161
	8
	S
	150
	GP229
	9
	S

	105
	GP162
	9
	S
	
	
	
	

	106
	GP164
	9
	S
	
	
	
	


Table 3: Phenotype grouping of brown spot according to disease score
	Scoring scale (0-9)
	Phenotypic reaction  
	Name of the Traditional rice varieties (TRVs)
	Total TRVs

	0-4
	R
	0
	0

	5-6
	MR
	0
	0

	7,8 and 9
	S
	GP001, GP002, GP003, GP007, GP008, GP009, GP010, GP011, GP012, GP014, GP015, GP016, GP017, GP019, GP020, GP021, GP022, GP025, GP028, GP029, GP030, GP031, GP032, GP034, GP035, GP036, GP037, GP038, GP039, GP040, GP047, GP048, GP051, GP054, GP055, GP057, GP060, GP061, GP066, GP067, GP068, GP069, GP070, GP071, GP075, GP076, GP077, GP078, GP079, GP080, GP081, GP083, GP085, GP086, GP087, GP088, GP089, GP092, GP094, GP095, GP096, GP099, GP100, GP102, GP107, GP108, GP109, GP110, GP113, GP118, GP119, GP120, GP122, GP123, GP124, GP125, GP126, GP127, GP129, GP131, GP132, GP135, GP137, GP138, GP140, GP141, GP143, GP144, GP149, GP150, GP151, GP152, GP153, GP154, GP155, GP156, GP157, GP158, GP159, GP160, GP161, GP162, GP164, GP166, GP167, GP168, GP169, GP170, GP171, GP172, GP174, GP175, GP176, GP177, GP178, GP179, GP180, GP181, GP182, GP183, GP184, GP185, GP186, GP187, GP188, GP191, GP192, GP197, GP198, GP199, GP201, GP202, GP207, GP210, GP212, GP214, GP215, GP218, GP219, GP220, GP221, GP222, GP224, GP226, GP228, GP229
	150



               Fig.2 Phenotype grouping of brown spot according to disease score
CONCLUSION

The present study demonstrated that none of the 150 traditional rice varieties screened under artificial inoculation exhibited resistance or moderate resistance to brown spot disease. These results, together with earlier reports, highlight the limited availability of resistant donors within cultivated rice. Given the historical significance and continued threat of BSR, it is crucial to expand resistance breeding efforts by exploring wild rice accessions, landraces from diverse agro-ecologies, and molecular approaches such as marker-assisted selection and genomic-assisted breeding. Integrating such strategies with eco-friendly management practices will be vital to developing durable and sustainable solutions against brown spot in rice.
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