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PHENOTYPIC EVALUATION OF ADVANCED BREEDING LINES FOR INTROGRESSION OF BLAST RESISTANCE GENES IN RICE (Oryza sativa L.)

ABSTRACT

Rice blast caused by Magnaporthe oryzae is one of the most devastating fungal diseases limiting rice productivity worldwide. Development and deployment of resistant cultivars remain the most economical and environmentally sustainable strategy for blast management. The present investigation was undertaken to evaluate fifty advanced breeding lines derived from the cross MTU1010 NIL × Akshayadhan NIL for blast resistance under Uniform Blast Nursery (UBN) conditions during Rabi 2020–21 at the Regional Agricultural Research Station (RARS), Jagtial, Telangana, India. Phenotypic screening was carried out using a virulent local isolate (SPI-40) of M. oryzae following the Standard Evaluation System (SES) scale of IRRI (2013). Among the fifty breeding lines evaluated, thirty-five lines exhibited resistant reactions with a disease score of 3, fourteen lines showed moderately resistant reactions with a disease score of 5, and one line was susceptible with a score of 7. The susceptible parent MTU1010 NIL and susceptible check TN1 recorded highly susceptible reactions with a score of 9, whereas the resistant parent Akshayadhan NIL and resistant check NLR34449 exhibited resistant responses. The identified resistant breeding lines may serve as valuable genetic resources for developing blast-resistant rice cultivars and can be effectively utilized in future rice improvement programmes targeting blast-endemic regions.
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INTRODUCTION
Rice (Oryza sativa L.) is one of the most important staple food crops supporting more than half of the global population. Asia contributes nearly 90% of the world’s rice production and consumption, making rice crucial for food and nutritional security (Khush, 2005). However, rice productivity is severely constrained by several biotic and abiotic stresses. Among biotic stresses, fungal diseases are particularly destructive and significantly reduce grain yield and quality.

Rice blast, caused by the fungal pathogen Magnaporthe oryzae (syn. Pyricularia oryzae), is considered one of the most devastating diseases of rice worldwide (Skamnioti and Gurr, 2009). The disease affects rice plants at all growth stages, including leaf, node, neck and panicle stages, resulting in severe yield losses ranging from 10–30% under epidemic conditions (Dean et al., 2012). The pathogen is highly variable due to continuous evolution and emergence of new virulent races, thereby posing a major challenge to sustainable disease management.

Although fungicide application can temporarily reduce disease incidence, repeated usage is economically expensive and environmentally undesirable, especially for resource-poor farmers. Therefore, host plant resistance remains the most practical, economical and eco-friendly strategy for blast disease management (Bonman et al., 1992). Introgression and pyramiding of major blast resistance genes into high-yielding but susceptible cultivars have become a preferred breeding strategy for achieving durable resistance.

In South India, several mega rice varieties such as MTU1010 (Cottondora Sannalu), BPT5204 (Samba Mahsuri) and MTU7029 (Swarna) occupy substantial cultivation areas because of their superior grain quality and adaptability. Among them, MTU1010 is a popular short-duration variety widely cultivated in Andhra Pradesh and Telangana due to its high yield potential, long slender grains and resistance to brown plant hopper. However, its susceptibility to blast disease limits productivity under favorable disease conditions.

Development of blast-resistant near-isogenic lines (NILs) in the MTU1010 background can substantially improve varietal performance in blast-endemic regions. Therefore, the present investigation was conducted to evaluate advanced breeding lines derived from the cross MTU1010 NIL × Akshayadhan NIL for phenotypic resistance against rice blast under Uniform Blast Nursery conditions.

MATERIALS AND METHODS

Experimental Material
The experimental material consisted of fifty advanced breeding lines developed from the cross MTU1010 NIL × Akshayadhan NIL. The resistant donor parent Akshayadhan NIL carries blast resistance genes, whereas MTU1010 NIL is susceptible to blast disease. The breeding lines were evaluated under artificial epiphytotic conditions for blast resistance.

Isolation and Characterization of Blast Pathogen

Rice leaf samples showing typical spindle-shaped blast lesions were collected from the Uniform Blast Nursery maintained at ICAR-Indian Institute of Rice Research (ICAR-IIRR), Hyderabad. The blast pathogen, Magnaporthe oryzae, was isolated using standard tissue isolation procedures.

Small infected leaf bits (2–3 mm) were excised from advancing lesion margins and surface sterilized with 1% sodium hypochlorite for one minute followed by three washes with sterile distilled water. The sterilized tissues were blot dried and plated on Potato Dextrose Agar (PDA) medium amended with streptomycin (50 µg ml⁻¹) to suppress bacterial contamination. Plates were incubated at 25 ± 2°C under alternating light and dark conditions for seven days to promote fungal growth and sporulation.

The fungal colonies exhibiting greyish-white mycelial growth and pyriform conidia characteristic of M. oryzae were purified through single spore isolation and maintained on Oat Meal Agar (OMA) medium (Bonman et al., 1986). Conidial suspension was prepared from 10-day-old cultures by flooding the plates with sterile distilled water and gently scraping the colony surface. The suspension was filtered through muslin cloth and adjusted to approximately 1 × 10⁵ conidia ml⁻¹ using a haemocytometer. Tween-20 (0.02%) was added to ensure uniform spore distribution.

Screening for Blast Resistance

Phenotypic screening was conducted under Uniform Blast Nursery (UBN) conditions at Regional Agricultural Research Station (RARS), Jagtial during Rabi 2020–21. The fifty advanced breeding lines along with parental lines MTU1010 NIL and Akshayadhan NIL were evaluated. NLR34449 was used as resistant check and TN1 as susceptible check.

Each test entry was sown in a single row of 50 cm length with 10 cm spacing between rows. To facilitate disease spread, susceptible spreader rows of TN1 were planted after every ten test entries. Artificial inoculation was performed using a conidial suspension of the local virulent isolate SPI-40.

Disease scoring was recorded fifteen days after inoculation using the Standard Evaluation System (SES) scale developed by IRRI (2013) (Table 1). The genotypes were classified into resistant (R), moderately resistant (MR), moderately susceptible (MS), and susceptible (S) categories based on lesion development and affected leaf area.

RESULTS AND DISCUSSIONS
Phenotypic Evaluation for Blast Resistance in Advanced Breeding Lines
Significant variation was observed among the advanced breeding lines for blast resistance under UBN conditions. Out of the fifty breeding lines screened, thirty-five breeding lines exhibited resistant reactions with a disease score of 3 (Fig 1). These included VSR-1, VSR-2, VSR-3, VSR-4, VSR-5, VSR-6, VSR-7, VSR-8, VSR-9, VSR-11, VSR-19, VSR-20, VSR-21, VSR-22, VSR-23, VSR-24, VSR-25, VSR-26, VSR-27, VSR-28, VSR-29, VSR-32, VSR-35, VSR-36, VSR-37, VSR-38, VSR-39, VSR-40, VSR-41, VSR-42, VSR-43, VSR-44, VSR-45, VSR-46 and VSR-47.

Fourteen breeding lines showed moderately resistant reactions with a disease score of 5, whereas only one breeding line (VSR-49) was susceptible with a disease score of 7.

The susceptible parent MTU1010 NIL and susceptible check TN1 exhibited highly susceptible reactions with disease scores of 9. In contrast, the resistant parent Akshayadhan NIL and resistant check NLR34449 showed resistant responses with scores of 3 and 1, respectively in Table 2.

The higher frequency of resistant lines observed in the present study indicates successful introgression of blast resistance genes into the MTU1010 genetic background. 

The development of resistant rice cultivars through introgression and pyramiding of blast resistance genes has emerged as a highly effective strategy for sustainable blast management. The resistant breeding lines identified in the present study likely possess effective resistance gene combinations inherited from the donor parent Akshayadhan NIL.
Similar findings were reported by Hari et al. (2013), Abhilash et al. (2016), and Laxmi Prasanna et al. (2018), who demonstrated the effectiveness of blast resistance gene introgression and pyramiding in rice breeding programmes.

Gene pyramiding involving multiple resistance genes has been shown to provide broader and more durable resistance compared to single resistance genes due to enhanced defense responses against diverse pathogen races (Sundaram et al., 2008; Usatov et al., 2016). The predominance of resistant lines observed in this study indicates successful transfer and expression of blast resistance genes under field screening conditions.

The use of Uniform Blast Nursery (UBN) under artificial epiphytotic conditions ensured reliable disease pressure and effective differentiation among resistant and susceptible genotypes. Similar screening methodologies have been widely adopted for blast resistance evaluation in rice breeding programmes (Bonman et al., 1992).

Furthermore, the utilization of resistant breeding lines in future varietal development programmes can reduce dependence on fungicides and contribute towards sustainable rice cultivation. The resistant lines identified in this study may also serve as valuable donor sources for marker-assisted breeding programmes targeting blast resistance in elite rice cultivars.

CONCLUSIONS

The present investigation successfully identified resistant breeding lines against rice blast disease under Uniform Blast Nursery conditions. Among the fifty advanced breeding lines evaluated, thirty-five lines exhibited resistant reactions, fourteen lines showed moderate resistance and only one line was susceptible. The resistant breeding lines developed through introgression breeding may serve as valuable genetic resources for developing high-yielding blast-resistant rice cultivars suitable for blast-endemic regions of Telangana and other South Indian states.

These breeding lines can further be utilized in varietal evaluation trials, gene pyramiding programmes and marker-assisted selection for developing durable blast-resistant rice varieties.
Table 1. Standard Evaluation System, IRRI -2013 scale for Blast disease scoring in Rice 
	Scale
	            Disease severity
	      Host  response

	0
	  Lesions are not present 
	Resistance   (R)

	1
	Small brown specks of pin point size or large brown specks without sporulating centre 
	Resistance   (R)

	2
	Small roundish to slightly elongated, necrotic gray spots, about 1-2mm in diameter, with a distinct brown margin. Lesions are mostly found on the lower leaves 
	Resistance   (R)

	3
	Lesions type is same as in scale 02, but a significant number of lesions on upper leaf area 
	Resistance   (R)

	4
	Typical susceptible blast lesions, 3mm or longer infecting less than 4% of leaf area 
	Moderately  Resistance (MR)

	5
	Typical susceptible blast lesions infecting 4-10% of leaf area 
	Moderately  Resistance (MR)

	6
	Typical susceptible blast lesions infecting 11-25% of the leaf area 
	Moderately  Susceptible (MS)

	7
	Typical susceptible blast lesions infecting 26-50% of the leaf area 
	Susceptible (S)

	8
	Typical  susceptible blast lesions infecting  51-75% of the leaf area and many leaves are dead 
	Susceptible (S)

	9
	More than 75% of the leaf area affected
	Susceptible (S)


Table 2. Screening details Advanced breeding lines for blast resistance and scoring details as per IRRI-SES scale (IRRI, 2013) 

	Parents and Checks
	Reaction against Blast

	
	SPI-40

	
	Score
	R/MR/S

	MTU1010 NIL
	9
	S

	Akshayadhan NIL
	3
	R

	NLR 34449 (Resistant  Check)
	1
	R

	TN1 (Susceptible check)
	9
	S

	Improved breeding lines
	Score
	R/MR/S

	VSR 1
	3
	R

	VSR 2
	3
	R

	VSR 3
	3
	R

	VSR 4
	3
	R

	VSR 5
	3
	R

	VSR 6
	3
	R

	VSR 7
	3
	R

	VSR 8
	3
	R

	VSR 9
	3
	R

	VSR 10
	5
	MR

	VSR 11
	3
	R

	VSR 12
	5
	MR

	VSR 13
	5
	MR

	VSR 14
	5
	MR

	VSR 15
	3
	R

	VSR 16
	5
	MR

	VSR 17
	5
	MR

	VSR 18
	5
	MR

	VSR 19
	3
	R

	VSR 20
	3
	R

	VSR 21
	3
	R

	VSR 22
	3
	R

	VSR 23
	3
	R

	VSR 24
	3
	R

	VSR 25
	3
	R

	VSR 26
	3
	R

	VSR 27
	3
	R

	VSR 28
	3
	R

	VSR 29
	3
	R

	VSR 30
	5
	MR

	VSR 31
	5
	MR

	VSR 32
	3
	R

	VSR 33
	5
	MR

	VSR 34
	5
	MR

	VSR 35
	3
	R

	VSR 36
	3
	R

	VSR 37
	3
	R

	VSR 38
	3
	R

	VSR 39
	3
	R

	VSR 40
	3
	R

	VSR 41
	3
	R

	VSR 42
	3
	R

	VSR 43
	3
	R

	VSR 44
	3
	R

	VSR 45
	3
	R

	VSR 46
	3
	R

	VSR 47
	3
	R

	VSR 48
	5
	MR

	VSR 49
	7
	S

	VSR 50
	5
	MR
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Fig. 1. Phenotypic screening for blast resistance using Magnaporthe grisea culture. NLR34449: Resistant check; TN1: Suscpetible Check; VSR-1 to VSR-6- Advanced breeding lines possessing Pi54, Xa21 genes.
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