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Abstract
Aims: To evaluate advanced rice breeding lines for their response to yellow stem borer, Scirpophaga incertulas (Walker), under augmented infestation and to identify tolerant and susceptible genotypes based on white ear damage during the reproductive phase.
Study Design: A field evaluation of rice genotypes under augmented yellow stem borer infestation across two locations.
Place and Duration of Study: The study was conducted at the ICAR-Indian Institute of Rice Research (ICAR-IIRR), Rajendranagar, Hyderabad, and Ramachandrapuram, Patancheru, Telangana, India, during kharif 2025.
Methodology: Twenty-three advanced rice breeding lines from varying backgrounds, along with three susceptible checks (Pusa Basmati 1, TN1 and RNR 15048) and three tolerant checks (Sasyasree, W1263 and SM92), were evaluated for white ear damage under augmented infestation conditions. Augmented infestation was carried out by pinning egg masses at the black-head stage. White ear incidence was recorded during the reproductive phase, and the response of the genotypes was compared across the two locations.
Results: Augmented infestation produced significantly higher white ear damage and effectively differentiated tolerant and susceptible rice genotypes. Mean white ear incidence varied widely among genotypes. W1263 (10.99% WE) and SM92 (8.31% WE) exhibited low and stable incidence across the two locations, while NLR 3989 (3.37% WE) and five other lines recorded negligible incidence (<9% WE), identifying them as tolerant sources. Pusa Basmati 1 (31.57% WE), TN1 (18.58% WE) and RNR 15048 (21.02% WE) remained consistently susceptible, whereas Sasyasree showed partial tolerance under higher pest pressure.
Conclusion: The identified tolerant genotypes can be utilised as valuable sources in breeding programmes for the development of rice varieties with reduced damage from yellow stem borer.
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1. Introduction
Rice (Oryza sativa L.) is the most important cereal crop in the world and serves as the primary staple food for more than half of the global population (Food and Agriculture Organization, 2023). The production of this crop faces ongoing threats from various biotic stresses, with insect pests being the most economically damaging. Among the different insects associated with rice, the yellow stem borer, Scirpophaga incertulas (Walker) (Crambidae: Lepidoptera), is one of the most important (Horgan et al., 2021). It is a widely distributed monophagous insect in the Indian subcontinent, has assumed the status of the number one pest, and attacks the rice crop at all growth stages (Padmakumari et al., 2026). It causes yield losses ranging from 25% to 87% (Pallavi et al., 2017). Long-term field observations have also shown that crop phenology is relevant to yellow stem borer population dynamics, supporting crop-stage-specific assessment during pest screening (Jhansi et al., 2026).
The yellow stem borer causes two distinct types of damage to rice, which vary according to the growth stage at which the larvae invade. Larval feeding on the growing point during the vegetative phase results in the death of the central shoot, a condition commonly known as 'dead heart', while attack during the reproductive phase leads to the formation of partially filled or sterile empty panicles known as 'white ears' (Katti et al., 2011). Muralidharan and Pasalu (2006), based on a comprehensive analysis of 770 experimental units spanning 28 years of data from the All-India Coordinated Rice Improvement Project, reported that 1% dead heart and 1% white ear damage result in grain yield losses of 2.5% and 4.0%, respectively. More specifically, in irrigated ecosystems, 1% white ear damage resulted in a grain yield loss of 4.2% or 183 kg/ha, compared to only 0.3% or 12 kg/ha from 1% dead heart, making white ear damage nearly 15 times more destructive per unit infestation. Unlike dead heart damage, which can be partially compensated through the production of additional tillers and redistribution of assimilates (Rubia et al., 1996), white ear damage results in the direct loss of a grain-bearing panicle, leaving little scope for compensation and causing proportionately greater yield loss (Muralidharan & Pasalu, 2006). Consequently, white ear incidence has been recognised as a more reliable indicator of economic yield loss than dead hearts. Soundararajan (2020) suggested mass rearing of YSB on cut stems. However, this method may not generate the number of larvae required for field screening. Moreover, the genotypes vary in duration, requiring careful planning of the experiment to infest them at the appropriate crop stage. Hence, effective screening requires sufficient pest pressure, which is ensured by supplementing natural infestation through augmented infestation.
Development of resistant cultivars represents one of the most economical and environmentally sustainable approaches to yellow stem borer management. Host plant resistance reduces dependence on insecticides, minimises production costs, and can be integrated effectively with other pest management strategies (Heinrichs, 1994). There is a need for continuous evaluation of newly developed breeding lines under uniform infestation conditions to identify stable sources of resistance for breeding programmes (Rani et al., 2020). Furthermore, reliable identification of tolerant genotypes requires screening across different field environments because environmental conditions may influence the expression of tolerance. A recent synthesis of yellow stem borer management identifies host-plant resistance as an integral component of integrated pest management for this pest (Murugan et al., 2026). A recent field evaluation of rice landraces further showed that biophysical and morphological traits were associated with differences in yellow stem borer infestation, reinforcing the value of phenotypic screening of diverse germplasm (Mallesh et al., 2026). Experimental evidence also indicates that plant structural and defence responses can alter rice responses to yellow stem borer infestation, further supporting the relevance of plant-based resistance traits in resistance-oriented screening (Jeer & Kumar, 2025).
Accordingly, a practical research gap remains in identifying advanced breeding lines that maintain low white ear damage under augmented yellow stem borer pressure across more than one field location.
 The experiment was carried out at two ICAR-Indian Institute of Rice Research (ICAR-IIRR) farms, one at Rajendranagar, Hyderabad, and the other at Ramachandrapuram, Patancheru, to identify lines tolerant to yellow stem borer during kharif 2025.
2. Materials and Methods
2.1.  Experimental site and plant material
Field evaluations were conducted during kharif 2025 at two locations, namely ICAR-Indian Institute of Rice Research (ICAR-IIRR), Rajendranagar, Hyderabad, and R’puram, Patancheru, Telangana. A total of 23 advanced breeding lines were evaluated for their response to yellow stem borer, Scirpophaga incertulas (Walker), under field conditions. The susceptible checks Pusa Basmati 1, TN1, and RNR 15048 and the tolerant checks Sasyasree, W1263, and SM92 were included in the trial at both locations for comparison.
2.2. Crop establishment and experimental layout
Twenty-five- to thirty-day-old seedlings were transplanted into the main field at a spacing of 25 cm × 25 cm, with one seedling per hill, in rows of 20 hills. After every ten rows of each genotype, one row each of a susceptible check and a tolerant check was planted to facilitate comparison of pest reaction under uniform field conditions.
2.3. Stem borer infestation
 Field-collected adults of S. incertulas were allowed to lay eggs on potted TN1 plants. The larvae that emerged from these egg masses were allowed to develop to the black-head stage. Augmented infestation was carried out by pinning egg masses at the black-head stage onto the test entries at the booting stage. For augmented infestation, five randomly selected plants in each test entry were infested with egg masses at the black-head stage. The extent of damage caused by the stem borer during the reproductive phase was recorded pre-harvest. The advantage of this method is that all entries can be evaluated irrespective of their flowering time by infesting them at the booting stage, which is critical for white ear damage. 
2.4. Assessment of white ear damage
During the reproductive phase, observations were recorded to determine the extent of white ear formation resulting from yellow stem borer infestation. At crop maturity, five infested plants were selected from each test entry in an experimental plot and examined carefully. The total number of panicle-bearing tillers per hill was counted, and among these, the number of panicles exhibiting white ear symptoms was recorded. The percentage of white ear heads was calculated using the following formula:
White ear heads (%) = (Number of white ear heads / Total number of productive tillers) × 100
These observations were used to compare the relative response of the different rice entries under augmented infestation conditions.
2.5. Statistical analysis
	As the infestation level in the susceptible checks exceeded 10% WE, the evaluation was considered valid. Therefore, damage in the test entries was not adjusted for damage in the susceptible checks. To compare the performance of rice genotypes across the two locations, a pooled analysis was conducted. Before the combined analysis, homogeneity of error variances was tested using Bartlett's test. As the error variances were found to be heterogeneous, Aitken's transformation was applied before performing the combined analysis of variance in accordance with standard protocols. The analysis was carried out considering location and genotype as sources of variation to evaluate their main effects and interaction. Mean comparisons were performed using the least significant difference (LSD) test at the 5% level of significance. Statistical analyses were carried out using GRAPES software (Gopinath et al., 2021).
3. Results and Discussion
Pooled analysis of white ear (WE) damage recorded during augmented infestation at the IIRR farm and R'puram farm during kharif 2025 showed significant differences among the 29 entries studied (Table 1). The entries included 23 advanced breeding lines and six reference checks: Pusa Basmati 1, TN1, and RNR 15048 as susceptible checks, and Sasyasree, W1263, and SM92 as tolerant checks. Bartlett's test revealed a low K² value of 0.204. Following Aitken's transformation, the error variances were homogenised, enabling a valid combined analysis of variance on the arcsine-transformed data. The genotype effect was significant (CD = 14.079 at P = .05), while the overall location effect was non-significant (CD = NS). This finding indicates that, across all entries, the two sites did not differ substantially in mean pest pressure (IIRR: 16.19% WE; R’puram: 15.73% WE). The pooled mean WE damage across the two locations ranged from 3.37% (in NLR 3989) to 36.92% (in TKM 6). 
Table 1. White ear (%) damage in rice genotypes under augmented infestation across two locations during kharif 2025.
	Entry no.
	Designation
	WE (%) IIRR farm
	WE (%) R'puram farm
	Pooled mean

	G1
	0615-PTB-01-23-21
	14.62 (22.48)
	17.03 (24.37)
	15.83 (23.45)abcdefg

	G2
	0627-PTB-2-14-1
	4.85 (12.72)
	12.71 (20.89)
	8.78 (17.24)defgh

	G3
	0614-PTB-7-8-24
	13.45 (21.51)
	12.63 (20.82)
	13.04 (21.17)cdefgh

	G4
	RP5564 PTB 2-4-1-2-2
	26.87 (31.22)
	8.15 (16.59)
	17.51 (24.74)bcdefg

	G5
	W1263
	5.84 (13.98)
	16.13 (23.68)
	10.99 (19.36)cdefgh

	G6
	NLR 5892-21-4-1-1-1-2
	10.84 (19.22)
	14.76 (22.59)
	12.80 (20.96)cdefgh

	G7
	NLR 5930-2-1-2-4-1-1
	11.37 (19.71)
	1.03 (5.82)
	6.20 (14.42)gh

	G8
	NLR 5932-3-2-3-5-5-2
	5.44 (13.49)
	12.47 (20.68)
	8.96 (17.42)defgh

	G9
	NLR 5960-13-2-2-4
	3.69 (11.07)
	12.18 (20.43)
	7.94 (16.37)efgh

	G10
	Pusa Basmati 1
	41.53 (40.13)
	21.61 (27.70)
	31.57 (34.19)ab

	G11
	NLR 5960-14-1-1-2
	0.00 (0.00)
	14.47 (22.36)
	7.24 (15.61)gh

	G12
	NLR 3939
	4.05 (11.62)
	11.03 (19.39)
	7.54 (15.94)fgh

	G13
	NLR 3942
	15.96 (23.55)
	10.83 (19.21)
	13.40 (21.47)cdefgh

	G14
	NLR 3946
	16.21 (23.74)
	11.66 (19.96)
	13.94 (21.92)bcdefgh

	G15
	TN1
	17.46 (24.70)
	19.70 (26.35)
	18.58 (25.53)bcdefg

	G16
	NLR 3989
	0.00 (0.00)
	6.74 (15.04)
	3.37 (10.58)h

	G17
	RP6910FBR-14-39-1-1
	35.20 (36.39)
	11.54 (19.86)
	23.37 (28.91)abc

	G18
	IET 21401
	9.61 (18.06)
	8.75 (17.21)
	9.18 (17.64)cdefgh

	G19
	IET 32031
	7.96 (16.39)
	12.91 (21.06)
	10.44 (18.85)cdefgh

	G20
	Sasyasree
	20.59 (26.98)
	19.91 (26.50)
	20.25 (26.74)abcdef

	G21
	AD-GP-1
	24.73 (29.82)
	21.89 (27.90)
	23.31 (28.87)abcd

	G22
	AD-GP-2
	25.22 (30.15)
	22.98 (28.64)
	24.10 (29.40)abc

	G23
	AD-GP-4
	17.73 (24.90)
	23.16 (28.76)
	20.45 (26.89)abcdef

	G24
	AD22037
	36.41 (37.11)
	28.88 (32.51)
	32.65 (34.85)ab

	G25
	TKM 6
	32.00 (34.45)
	41.84 (40.30)
	36.92 (37.42)a

	G26
	RNR15048
	28.39 (32.20)
	13.65 (21.68)
	21.02 (27.29)abcde

	G27
	RNR 41661
	10.47 (18.88)
	17.33 (24.60)
	13.90 (21.89)cdefgh

	G28
	RNR 41760
	21.09 (27.34)
	21.61 (27.70)
	21.35 (27.52)abcdef

	G29
	 SM92
	7.98 (16.41)
	8.64 (17.09)
	8.31 (16.75)defgh

	
	Bartlett's K-squared
	0.204
	
	

	
	CV
	94.876
	
	

	
	Overall mean
	16.198
	
	

	
	CD for treatments
	14.079
	
	

	
	CD for locations
	NS
	
	


Values outside parentheses are original percentages, and values within parentheses are arcsine-transformed values. Means followed by the same letter within a column are not significantly different at P ≤ .05.

Among the checks, Pusa Basmati 1 had the highest pooled WE damage at 31.57%. This result aligns with its long history as a reference susceptible entry in rice-stem borer bioassays (Padmakumari & Pasalu, 2003). RNR 15048 and TN1 were categorised as moderately susceptible, recording WE damage of 21.02% and 18.58%, respectively. Of the tolerant checks, SM92 (8.31%; Gokulan et al., 2024) and W1263 (10.99%; Athulya et al., 2022) showed lower WE damage, confirming their roles as sources of moderate YSB tolerance. Sasyasree, designated as a tolerant check, recorded a pooled mean of 20.25% WE under augmented pest pressure.
Six test entries, namely NLR 3989 (3.37%), NLR 5930-2-1-2-4-1-1 (6.20%), NLR 5960-13-2-2-4 (7.94%), NLR 3939 (7.54%), NLR 5960-14-1-1-2 (7.24%), and NLR 5932-3-2-3-5-5-2 (8.96%), had pooled WE damage statistically similar to that of the tolerant checks SM92 (8.31%) and W1263 (10.99%). NLR 3989 showed significantly lower damage than both tolerant checks. These lines, especially NLR 3989 and NLR 5930-2-1-2-4-1-1, are strong candidates for future breeding because their damage levels remained low even under augmented conditions.
 TKM 6 (36.92%) and AD22037 (32.65%) recorded higher WE damage than the susceptible check Pusa Basmati 1. This finding is particularly noteworthy for TKM 6, the classical source from which several YSB-tolerant rice varieties such as Ratna, Sasyasree, and Vikas were developed (Makkar & Bentur, 2017). However, it should be noted that the mechanism in TKM 6 is non-preference for feeding. Hence, under augmented infestation, it showed susceptibility. Although the overall location effect was statistically non-significant, some individual entries showed clear differences in WE incidence between the two locations. For example, Pusa Basmati 1 recorded 41.53% at IIRR compared with 21.61% at R'puram, while RP6910FBR-14-39-1-1 showed 35.20% versus 11.54%. RP5564 PTB-2-4-1-2-2 had 26.87% at IIRR and 8.15% at R'puram, and RNR 15048 recorded 28.39% versus 13.65%, with all values being higher at IIRR. In contrast, entries such as NLR 5960-14-1-1-2 (0.00% at IIRR vs 14.47% at R'puram), NLR 5960-13-2-2-4 (3.69% vs 12.18%), and W1263 (5.84% vs 16.13%) showed the opposite trend. This pattern, with generally similar pest pressure between sites but distinct genotype-specific reactions, illustrates the interaction between genotypes and locations, as well as the influence of the specific crop stage at the time of infestation. Comparable effects have been documented where genotype accounted for the largest part of the phenotypic variance for resistance to leaf folder (Chintalapati et al., 2019).
The severity of yellow stem borer infestation and the expression of host resistance are strongly influenced by environmental factors, crop phenology, and genotype × environment interactions, resulting in variable pest pressure across seasons and production environments (Heinrichs, 1994; Horgan et al., 2021). Evaluation across locations enables differentiation between genotypes with consistent tolerance and those exhibiting location-specific responses, thereby improving the reliability of resistance classification. Genotype reactions to yellow stem borer have been shown to vary in magnitude even when overall resistance categories remain stable across cropping seasons (Balaji et al., 2025).
 	
4.  Conclusion
	The study identified clear variation among rice genotypes in their response to yellow stem borer under augmented infestation across two field locations. Among the evaluated entries, NLR 3989 showed the lowest pooled white ear incidence, followed by NLR 5930-2-1-2-4-1-1, NLR 5960-14-1-1-2, NLR 3939, NLR 5960-13-2-2-4, and NLR 5932-3-2-3-5-5-2, all of which performed comparably to the tolerant check SM92. The susceptible checks showed higher white ear damage, supporting the validity of the screening conditions. These genotypes may be considered promising sources for breeding programmes aimed at reducing damage caused by Scirpophaga incertulas. 
Limitations: The evaluation in this study depends entirely on the availability of natural populations of S. incertulas in the field, which can be erratic in some seasons. The study is also labour-intensive because insect releases must be completed within the short period when adults are available. Hence, precise planning and careful pest monitoring are required to ensure that all genotypes of different durations are effectively screened. 
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