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Abstract
Rice gall midge, Orseolia oryzae (Wood-Mason), is a major pest of rice that causes significant yield losses in India. The present study was conducted during Kharif 2023 at Krishi Vigyan Kendra, Malyal, Mahabubabad district, Telangana, to evaluate four rice genotypes carrying genes conferring resistance to gall midge (WGL-1119, IBT-WGL-2, Abhaya, and Aganni), together with TN-1 as a susceptible check, against the local gall midge population under natural infestation conditions. The experiment was laid out in a randomised block design with four replications. Gall midge incidence was assessed at 30, 50, and 75 days after transplanting (DAT) based on the percentages of plant damage and silver shoot damage, and the observations recorded at 50 DAT were used to score the genotypes according to the standard procedure. Significant differences were observed among the genotypes. Aganni, IBT-WGL-2, and WGL-1119 exhibited resistant reactions with low levels of infestation. At 50 DAT, Aganni recorded the lowest damage (2.50% plant damage and 0.52% silver shoots), followed by WGL-1119 (6.25% plant damage and 0.86% silver shoots) and IBT-WGL-2 (7.50% plant damage and 0.71% silver shoots). Abhaya showed moderate susceptibility, whereas the susceptible check, TN-1, recorded the highest infestation. Aganni and IBT-WGL-2 maintained stable resistance up to 75 DAT, whereas WGL-1119 showed a slight increase in plant damage but remained resistant based on silver shoot damage. Aganni and the pyramided lines IBT-WGL-2 (Gm4+Gm8) and WGL-1119 (Gm1+Gm4) were identified as promising sources of resistance to gall midge and as suitable donors for breeding programmes. This is the first report on the response of these resistant genotypes to the gall midge population prevailing in Mahabubabad district, Telangana, India.
Keywords:  Asian rice gall midge; Orseolia oryzae; rice genotypes; host-plant resistance; gall midge resistance genes; gene pyramiding; phenotypic screening; silver shoots; plant damage

Introduction 
Rice (Oryza sativa L.) is the most important cereal food crop in India, covering about one-fourth of the total cropped area and providing food for about half of the Indian population. Nearly 300 species of insect pests attack rice at different stages, of which only 23 cause notable damage (Pasalu & Katti, 2006). Among these, the yellow stem borer, gall midge, leaf folder, brown planthopper, and white-backed planthopper are considered major constraints to rice production (Katti, 2013). The Asian rice gall midge, Orseolia oryzae (Wood-Mason), is one of the most important insect pests and is prevalent in almost all rice-growing states of India except Western Uttar Pradesh, Uttaranchal, Punjab, Haryana, Himachal Pradesh, and Jammu and Kashmir (Bentur et al., 1992). It has been estimated that 1% gall-midge-induced silver shoot damage results in a 3.5% yield loss. Across rice ecosystems, 1% gall-midge-induced silver shoot damage corresponds to a grain loss of 147 kg/ha, with losses being higher in rainfed lowlands than in irrigated ecosystems (Muralidharan & Pasalu, 2005). Gall midge is essentially a monsoon pest and causes damage wherever high humidity and moderate temperatures prevail, even during dry seasons (Kalode & Viswanathan, 1976). Recent field evaluation of rice genotypes against gall midge biotype 3 also demonstrated substantial variation in resistance reactions, reinforcing the value of systematic phenotypic screening (Srinivas et al., 2025).
The pest induces the formation of a characteristic silvery-white, tubular leaf-sheath gall known as a ‘silver shoot’ or ‘onion shoot’. This results from larval feeding and salivary secretions, which transform the growing shoot meristem into a gall. Consequently, the tiller becomes sterile and panicle formation is prevented. Bentur et al. (2021) emphasised the role of resistant varieties in managing this pest. Several resistant rice varieties have been developed and widely cultivated using identified resistance donors. However, the continuous and extensive use of resistant cultivars has exerted strong selection pressure on gall midge populations, leading to the emergence of new virulent biotypes and the subsequent breakdown of resistance. To date, at least seven distinct biotypes of gall midge have been reported in India (Vijayalakshmi et al., 2006). In addition, at least thirteen resistance genes against gall midge, designated Gm1 through gm12 (Bentur et al., 2016; Leelagud et al., 2020), together with a major quantitative trait locus, gm13 (Huang et al., 2026), have been identified in various rice genotypes. It is well known that resistance to gall midge conferred by a single gene can break down within a short period. Pyramiding two or more genes with divergent resistance mechanisms (i.e., HR+ and HR−) has been advocated as a strategy for achieving durable resistance to this insect pest (Sundaram et al., 2013). It is therefore desirable to deploy two or more previously undeployed genes that differ in their resistance mechanisms, such as the Gm4 (HR+) and Gm8 (HR−) genes, to meet these requirements (Bentur et al., 2016). Genomics-assisted breeding provides a structured means of identifying and combining resistance-associated loci in adapted crop backgrounds (Priyatham et al., 2025). Marker-assisted pyramiding has already been used to integrate Gm4 with other loci conferring tolerance to biotic and abiotic stresses in rice, illustrating its practical value for developing multi-stress-tolerant breeding material (Mohanavel et al., 2024). Recent molecular and association-mapping studies have further expanded the evidence base for gall midge resistance by identifying candidate genomic regions and clarifying defence-related pathways that may support future resistance breeding (Gadratagi et al., 2026; Nandana et al., 2025).
Gall midge is an important pest during the Kharif season in Mahabubabad district, which is adjacent to Warangal. The gall midge population in Warangal, Telangana, has been identified as a distinct and highly virulent biotype (GMB4M) capable of overcoming resistance in several previously effective varieties (Vijayalakshmi et al., 2006). However, information on the reaction of known gall-midge-resistant donors to the local gall midge population in the Mahabubabad region is unavailable. Specifically, the comparative field responses of single-gene donors and gene-pyramided lines to the gall midge population prevailing in Mahabubabad have not been systematically documented, thereby limiting the local evidence available for selecting suitable resistance donors. Therefore, the present study was undertaken to evaluate selected rice genotypes against gall midge in Mahabubabad district, Telangana.
2. Materials and Methods 
The present study was conducted at the seed production farm (18.872584° N latitude; 78.953455° E longitude) of Krishi Vigyan Kendra (KVK), Malyal, Mahabubabad, an extension unit of Professor Jayashankar Telangana Agricultural University (PJTAU), Telangana, India. Five rice genotypes, comprising two entries carrying single resistance genes, two gene-pyramided lines with resistance genes in different combinations, and a susceptible check (Table 1), were evaluated during Kharif 2023 against the gall midge population prevailing at Malyal, Mahabubabad district. Seeds of the test genotypes were obtained from different research institutes in Telangana: WGL-1119 and TN-1 from the Rice Section, Regional Agricultural Research Station, Warangal, PJTAU, Telangana; IBT-WGL-2 from the Institute of Biotechnology, Hyderabad, PJTAU, Telangana; and Abhaya and Aganni from the ICAR–Indian Institute of Rice Research, Hyderabad.
            Table1. Details of the test genotypes used in the present study
	Entry No.
	Entry
	Resistance gene
	Characters

	1
	WGL-1119
(WGL32100//RP1)
	Gm1+Gm4
	A high-yielding, short-duration (120 days), medium-slender variety developed through Marker-Assisted Selection (MAS). It is known for its resistance to the gall midge (Biotype 1, 3 and 4M) and moderately resistant to neck blast with good cooking and eating quality traits.

	2
	IBT-WGL-2
(MTU 1010 // RMSGM3)
	Gm4+Gm8
	An advanced breeding line developed from the cross MTU 1010 x RMSGM3, through MAS for resistance to rice gall midge.

	3
	Abhaya
(CR-157-392 x OR-57-21)
	Gm4
	A high yielding, semi-dwarf (90 to 95 cm height), medium early (125 -130 days duration) variety with long slender (LS) grains.

	4
	Aganni (Landrace)
	Gm8
	A traditional landrace native to the state of Kerala, India. It is a long-duration genotype (up to 160 days) with medium slender grains. Aganni carries strong resistance against gall midge and is also known to be tolerant against stem borers.

	5
	TN-1 
(Taichung Native-1)
	No R gene
	A high yielding, short duration (120 days), bold grain type variety. TN-1 is susceptible to all gall midge biotypes.



The experiment was conducted under delayed sowing and transplanting conditions to coincide with pest infestation. The test entries were sown in raised nursery beds during the last week of July 2023, and the nursery was maintained according to standard agronomic practices. Twenty-five-day-old rice seedlings of the test entries were transplanted in a randomised block design with four replications, each with a plot size of 11.25 m. The spacing adopted was 20 cm between rows and 15 cm between plants within a row. All recommended agronomic practices were followed throughout the crop growth period (Shaik et al., 2014). No plant protection measures were undertaken, thereby allowing natural infestation by gall midge.
Observations on gall midge incidence were recorded at 30, 50, and 75 days after transplanting (DAT). Data were collected from 20 plants selected at random in each replication. The number of infested plants with silver shoots was recorded, and per cent plant damage (% PD) was calculated using the following formula:
                                                   Total number of infested plants
                % Plant damage= ------------------------------------------- X 100
20

Similarly, the numbers of tillers and silver shoots were recorded for all 20 selected plants. The mean was calculated, and per cent silver shoot damage (% SS) was determined using the following formula:
                                                  Total number of tillers with silver shoots
                  % Silver shoots = ------------------------------------------------------ X 100
                                                        Total number of tillers

The genotypes were classified according to their reaction to gall midge using the Standard Evaluation System (SES) for rice (Table 2; International Rice Research Institute [IRRI], 2013), considering both the percentage of damaged plants and the percentage of silver shoots. Based on the silver shoot damage score, the genotypes were categorised as highly resistant (HR), resistant (R), moderately resistant (MR), moderately susceptible (MS), susceptible (S), or highly susceptible (HS). Based on plant damage, the genotypes were categorised as resistant (R) or susceptible (S).
Table 2: Standard Evaluation System scale for scoring the reaction against gall midge
	Criteria
	Per cent damage
	Score
	Reaction

	Per cent silver shoots
	No damage
	0
	Highly resistant

	
	Less than1%
	1
	Resistant

	
	1-5%
	3
	Moderately resistant

	
	6-10%
	5
	Moderately susceptible

	
	11-25%
	7
	Susceptible

	
	More than 25%
	9
	Highly susceptible

	Per cent plant damage
	0-10
	
	Resistant

	
	>10
	
	Susceptible



The data on per cent plant damage and per cent silver shoots at 30, 50, and 75 DAT were subjected to arcsine transformation and analysed using analysis of variance (ANOVA) in the open-source R software.

3.     Results and Discussion
The test genotypes were assessed based on plant damage and silver shoot damage at 30, 50, and 75 DAT (Table 3). At 30 DAT, during the active tillering stage, the mean gall midge damage in the experimental block was 10.85% PD and 1.04% SS. TN-1 (the susceptible check) recorded the highest plant damage (41.25%) and silver shoot damage (4.11%), which were significantly higher than those recorded for the other genotypes. Among the genotypes carrying resistance genes, the lowest plant damage was recorded in IBT-WGL-2 (1.25%), followed by WGL-1119 (2.50%), Aganni (3.75%), and Abhaya (5.50%); these genotypes were statistically at par. A similar pattern of statistical parity was observed for silver shoot damage among IBT-WGL-2 (0.09% SS), WGL-1119 (0.18% SS), Aganni (0.27% SS), and Abhaya (0.59% SS). However, resistance scores were not assigned at 30 DAT because the incidence in the susceptible check was very low.

Table 3: Screening of rice entries against gall midge during Kharif, 2023 at KVK, 
               Malyal
              
	Entry No.
	Entry
	30 DAT
	50 DAT
	75 DAT

	
	
	% PD
	% SS
	% PD
	% SS
	% PD
	% SS

	1
	WGL-1119
	2.50
(4.61)a
	0.18
(1.23)a
	6.25
(14.30)a
	0.86
(5.10)a
	11.25
(19.53)a
	0.96
(5.63)a

	2
	IBT-WGL-2
	1.25
(3.23)a
	0.09
(0.90)a
	7.50
(13.11)a
	0.71
(3.94)a
	10.00
(18.15)a
	0.78
(5.06)a

	3
	Abhaya
	5.50
(13.10)a
	0.59
(4.40)a
	45.25
(40.98)b
	6.78
(14.92)b
	32.50
(33.89)b
	3.51
(10.25)b

	4
	Aganni
	3.75
(7.84)a
	0.27
(2.06)a
	2.50
(6.46)a
	0.52
(2.91)a
	5.00
(12.92)a
	0.51
(3.57)a

	5
	TN-1
	41.25
(39.68)b
	4.11
(11.31)b
	77.50
(63.31)c
	12.52
(20.69)c
	67.50
(55.46)c
	8.47
(16.81)c

	
	Grand Mean
	10.85
(13.69)
	1.04
(3.98)
	27.80
(28.92)
	4.27
(9.06)
	25.50
(27.99)
	4.84
(8.26)

	
	F- value
	(11.39)
	(11.46)
	(22.16)
	(46.30)
	(26.45)
	(24.03)

	
	SEm+
	(4.44)
	(1.27)
	(3.50)
	(1.73)
	(3.34)
	(1.09)

	
	LSD
	(13.71)
	(3.93)
	(15.64)
	(3.56)
	(10.31)
	(3.39)

	
	CV (%)
	(64.97)
	(64.10)
	(24.20)
	(38.40)
	(23.91)
	  (26.60)



DAT- days after transplanting; % PD - Per cent plant damage; % SS - Per cent silver shoots
DS-Damage score
Values in the parenthesis are arcsine transformed and p ≤ 0.001.
Means followed by the same letter within a column are not significantly different at p ≤ 0.001. 

At 50 DAT, which generally coincides with the maximum tillering stage, per cent plant damage ranged from 2.50% to 77.50%, with a mean of 27.80% PD, whereas per cent silver shoot damage ranged from 0.52% to 12.52%, with a mean of 4.27% SS (Table 3). The significantly highest damage was recorded in the susceptible check, TN-1 (77.50% PD and 12.52% SS), which exhibited a susceptible reaction with a damage score of 7 (Table 4). The high infestation in TN-1 indicated adequate pest pressure for effective screening. Abhaya recorded 45.25% PD and 6.78% SS and exhibited susceptibility based on plant damage and a moderately susceptible reaction (score 5) based on silver shoot damage. The other genotypes, WGL-1119, IBT-WGL-2, and Aganni, exhibited resistant reactions, recording <10% PD and <1% SS. They were statistically comparable with one another at 50 DAT and performed significantly better than Abhaya against gall midge at the test location.

                         


    Table 4: Resistance reaction of rice entries against gall midge 
	Entry
	50 DAT
	75 DAT

	
	R*
	R**
	DS
	R*
	R**
	DS

	WGL-1119
	R
	R
	1
	S
	R
	1

	IBT-WGL-2
	R
	R
	1
	R
	R
	1

	Abhaya
	S
	MS
	5
	S
	MR
	3

	Aganni
	R
	R
	1
	R
	R
	1

	TN-1
	S
	S
	7
	S
	MS
	5









	
            DAT- days after transplanting; 
	R* - Resistance reaction based on plant damage; 
	R** - Resistance reaction based on silver shoot damage 
	Reaction categories: R-Resistant, MR- Moderately resistant, 
			         MS-Moderately susceptible, S-Susceptible
	DS-Damage score

Observations on gall midge infestation at 75 DAT showed variability in resistance reactions among the genotypes. The mean gall midge infestation was 25.50% PD and 4.84% SS. Among the genotypes, Aganni recorded the lowest plant damage (5.00%; resistant reaction), followed by IBT-WGL-2 (10.00% PD; resistant reaction) and WGL-1119 (11.25% PD; susceptible reaction); these genotypes were statistically at par and significantly superior to Abhaya, which exhibited a susceptible reaction with 32.50% PD. A similar pattern was observed for silver shoot damage. Aganni recorded the significantly lowest silver shoot damage (0.51% SS; resistant reaction), followed by IBT-WGL-2 (0.78% SS; resistant reaction) and WGL-1119 (0.96% SS; resistant reaction), which were statistically at par with Aganni. These three genotypes differed significantly from Abhaya (3.51% SS; moderately resistant reaction) in terms of silver shoot damage. Among the test genotypes, TN-1 maintained the highest gall midge infestation at 75 DAT (67.50% PD and 8.47% SS). By 75 DAT, depending on varietal duration, the crop would have developed its maximum number of tillers and leaves per hill, formed a dense canopy, and entered the reproductive phase. TN-1 and Abhaya, which recorded greater damage than the other resistant varieties during the initial stages, showed reduced damage by 75 DAT. This reduction could have resulted from the withering of galls during the later stages of crop growth and the absence of healthy tillers available for fresh damage. In contrast, increases in plant damage and silver shoot damage by 75 DAT were observed in genotypes carrying resistance genes. This pattern suggested that the expression of resistance genes varied with crop age. A similar reaction was reported for these genotypes at 65 DAT in a study conducted at Jagdalpur (Neshkumar et al., 2025). The susceptibility during the reproductive phase of entries that had been resistant during the vegetative phase suggests that resistance may incur a metabolic cost and that plants may divert resources towards grain filling during the reproductive phase. This is similar to the phenomenon in which Cry1Ac expression decreased consistently as cotton plants aged and became inadequate to protect fruiting parts against Helicoverpa armigera (Kranthi et al., 2005).

Considerable variability in resistance expression among rice genotypes has previously been reported by several researchers (Sumathi & Manickam, 2013; Srinivas et al., 2016; Painkra et al., 2017; Seni & Naik, 2017; Prasad et al., 2018; Seni & Naik, 2019; Kumar et al., 2020; Malathi, 2021; ICAR–Indian Institute of Rice Research [ICAR–IIRR], 2018, 2019, 2020, 2021). The results of the present study are consistent with those of earlier studies. Recent studies indicate that most gall midge populations in India are avirulent to Gm1 and Gm8, both of which involve the HR− resistance mechanism, followed by Gm4, and are virulent to Gm11, gm3, and Gm4 (ICAR–IIRR, 2018, 2019, 2020, 2021). Multilocation studies evaluating gene-pyramided lines for gall midge resistance in India indicated that pyramided lines carrying the two effective genes Gm4 and Gm8 conferred resistance across seven to eight gall midge populations (ICAR–IIRR, 2020, 2021, 2022, 2026). Aganni (Gm8) showed promising highly resistant or resistant reactions in Warangal (Anusha et al., 2022; Malathi & Padmakumari, 2026; Malathi et al., 2026). IBT-WGL-2 (Gm4+Gm8) showed a highly resistant reaction at 50 DAT in Jagdalpur (Prasad et al., 2023; Neshkumar et al., 2025) and a resistant reaction at 50 DAT in Warangal (Kumar et al., 2024). In the study conducted by Neshkumar et al. (2025), WGL-1119 (Gm1+Gm4) showed no gall midge damage up to 50 DAT but later became susceptible. The same entry exhibited a moderately resistant reaction at Warangal during 2017 (Malathi & Kumar, 2021). In the present study, Aganni and IBT-WGL-2 exhibited resistant reactions in Mahabubabad, and the reaction pattern was similar to that reported for these two entries in single-female progeny tests at Warangal (ICAR–IIRR, 2026).

5. Conclusion 
The present study demonstrated significant variation in the responses of rice genotypes carrying different gall midge resistance genes to the local gall midge population prevailing in Mahabubabad district, Telangana. Aganni (Gm8) and the gene-pyramided line IBT-WGL-2 (Gm4+Gm8) consistently exhibited stable resistance throughout the crop growth period, with low levels of plant damage and silver shoot incidence. WGL-1119 (Gm1+Gm4) also showed good resistance, although plant damage increased slightly at 75 DAT. The results therefore indicate that Aganni (Gm8), IBT-WGL-2 (Gm4+Gm8), and WGL-1119 (Gm1+Gm4) are promising sources of resistance to the gall midge population prevailing in Mahabubabad district, Telangana, and can be utilised in breeding programmes. Notably, although Abhaya carrying Gm4 was susceptible, Gm4 in combination with Gm1 or Gm8 conferred resistance to the population at Malyal, Mahabubabad. Further studies on the stability and stage-specific expression of resistance genes, both individually and in combination, may support their effective deployment in resistance breeding. This study is the first report on the response of these resistant genotypes to the gall midge population prevailing in Mahabubabad district, Telangana.

Limitations

The study was conducted at a single location during one Kharif season under natural infestation conditions and included only five rice genotypes. Consequently, the observed resistance reactions may reflect the local gall midge population and the environmental conditions prevailing during the trial. Multilocation and multi-season evaluations, supported by controlled infestation studies, are required to assess the stability and stage-specific expression of resistance in the identified genotypes.
Acknowledgments 
We are grateful to the Director of Extension, PJTAU, Hyderabad, Telangana, India; the Director, ATARI-Zone-X, Hyderabad, Telangana, India; and the Programme Coordinator, KVK, Malyal, Mahabubabad, PJTAU, Telangana, India, for providing the facilities necessary to conduct this research.

Declaration of AI Use
This manuscript was prepared through the combined contributions of all authors, including contributions to the study design, data, content development, results, interpretation, and related scholarly work. The authors acknowledge the use of Grammarly and ChatGPT for grammar checking, language refinement, and reference formatting. These AI-assisted tools were not used as authors and did not replace the intellectual contributions or scholarly judgement of the authors. All AI-assisted outputs, including content, references, and interpretations, were carefully reviewed, revised, verified, and approved by the authors. The authors accept full responsibility for the accuracy, integrity, and final content of the manuscript.
Competing Interests 
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.
Authors’ contributions This work formed part of the doctoral thesis of the first author. SM and APP designed the study. ES and SM conducted the work. ES, APP, and SM performed the data visualisation. All authors read and approved the final manuscript.

References
Anusha, Ch., Uma Maheswari, T., Damodar Raju, Ch., Malathi, S., Om Prakash, S., & Padmakumari, A. P. (2022). Identification of new sources of resistance to rice gall midge biotypes prevailing in Telangana, India. Journal of Experimental Zoology India, 25(1), 793–803. https://connectjournals.com/pages/articledetails/toc035035
Bentur, J. S., Pasalu, I. C., & Kalode, M. B. (1992). Inheritance of virulence in rice gall midge (Orseolia oryzae). Indian Journal of Agricultural Sciences, 62, 492–493. https://jglobal.jst.go.jp/en/detail?JGLOBAL_ID=200902027501069199
Bentur, J. S., Rawat, N., Divya, D., Sinha, D. K., Agarrwal, R., Atray, I., & Nair, S. (2016). Rice–gall midge interactions: Battle for survival. Journal of Insect Physiology, 84, 40–49. https://doi.org/10.1016/j.jinsphys.2015.09.008
Bentur, J. S., Sundaram, R. M., Mangrauthia, S. K., & Nair, S. (2021). Molecular approaches for insect pest management in rice. In J. Ali and S. H. Wani (Eds.), Rice improvement: Physiological, molecular breeding and genetic perspectives (pp. 379–424). Springer. https://doi.org/10.1007/978-3-030-66530-2_11
Gadratagi, B. G., Mandal, L., Sah, R. P., Anilkumar, C., Guru-Pirasanna-Pandi, G., Patil, N. B., Sahu, N., Azharudheen, M. T. P., Behera, S., Rath, P. C., & Mohapatra, S. D. (2026). Genome-wide identification of genetic determinants for gall midge resistance in rice using genic markers. Journal of Applied Genetics, 67, 271–283. https://doi.org/10.1007/s13353-025-00985-1
Huang, F., Teng, C., Huang, H., Cheng, H., Zhou, G., Liu, T., Zhu, H., Jiang, Z., Ahmad, S., Liu, P., & Qiu, Y. (2026). Detection and mapping of gm13, a QTL governing recessive resistance to rice gall midge. Journal of Plant Physiology, 317, 154678. https://doi.org/10.1016/j.jplph.2025.154678
ICAR–Indian Institute of Rice Research. (2018). Progress report 2017: Crop protection (Vol. 2). All India Coordinated Research Project on Rice. 
ICAR–Indian Institute of Rice Research. (2019). Progress report 2018: Crop protection (Vol. 2). All India Coordinated Research Project on Rice. 
ICAR–Indian Institute of Rice Research. (2020). Progress report 2019: Crop protection (Vol. 2). All India Coordinated Research Project on Rice. 
ICAR–Indian Institute of Rice Research. (2021). Progress report 2020: Crop protection (Vol. 2). All India Coordinated Research Project on Rice. https://icar-iirr.org/index.php/en/component/content/article/11-news/136-icar-iirr-aicrip-progress-reports-2020
ICAR–Indian Institute of Rice Research. (2022). Progress report 2021: Crop protection (Vol. 2). All India Coordinated Research Project on Rice. 
ICAR–Indian Institute of Rice Research. (2026). Progress report 2025: Crop protection (Vol. 2). All India Coordinated Research Project on Rice. 
International Rice Research Institute. (2013). Standard evaluation system for rice (5th ed.). https://www.knowledgebank.irri.org/images/docs/rice-standard-evaluation-system.pdf
Kalode, M. B., & Viswanathan, P. R. (1976). Changes in relative pest status of insect pests in rice. Indian Journal of Plant Protection, 4, 79–91. 
Katti, G. (2013). Biopesticides for insect pest management in rice: Present status and future scope. Journal of Rice Research, 6(1), 1–15. https://sarr.co.in/wp-content/uploads/Biopesticides.pdf
Kranthi, K. R., Naidu, S., Dhawad, C. S., Tatwawadi, A., Mate, K., Patil, E., Bharose, A. A., Behere, G. T., Wadaskar, R. M., & Kranthi, S. (2005). Temporal and intraplant variability of Cry1Ac expression in Bt cotton and its influence on the survival of Helicoverpa armigera (Hübner). Current Science, 89(2), 291–298. 
Kumar, R. S., Malathi, S., & Rao, P. J. M. (2020). Screening of certain rice entries against Asian rice gall midge, Orseolia oryzae (Wood-Mason), in Warangal, Telangana. Journal of Entomology and Zoology Studies, 8(5), 1888–1893. 
Kumar, R. S., Reddy, A. V., Chandra, B. S., Prasad, K. R., Hari, Y., Nagabhushanam, U., Ashwini, D., & Reddy, R. U. (2024). Field evaluation of rice cultures for resistance against gall midge, Orseolia oryzae. International Journal of Bio-resource and Stress Management, 15(11), 1–11. https://doi.org/10.23910/1.2024.5579
Leelagud, P., Kongsila, S., Vejchasarn, P., Darwell, K., Phansenee, Y., Suthanthangjai, A., Uparang, C., Kawichai, R., Yajai, P., Boonsa-Nga, K., Chamarerk, V., & Jairin, J. (2020). Genetic diversity of Asian rice gall midge based on mtCOI gene sequences and identification of a novel resistance locus gm12 in rice cultivar MN62M. Molecular Biology Reports, 47(6), 4273–4283. https://doi.org/10.1007/s11033-020-05546-9
Malathi, S. (2021). Screening of certain rice cultures against Asian rice gall midge. The Andhra Agricultural Journal, 68(4), 534–539. https://aaj.net.in/wp-content/uploads/2023/08/68-416.pdf
Malathi, S., & Kumar, R. S. (2021). Screening of rice entries against Asian rice gall midge, Orseolia oryzae (Wood-Mason), in Telangana, India. The Andhra Agricultural Journal, 68(3), 339–350. https://aaj.net.in/journal/screening-of-rice-entries-against-asian-rice-gall-midge-orseolia-oryzae-wood-mason-in-telangana-india/
Malathi, S., & Padmakumari, A. P. (2026). Phenotypic screening of certain rice entries against gall midge, Orseolia oryzae (Wood-Mason), in Warangal, Telangana, India. Biological Forum – An International Journal, 18(4), 79–84. https://doi.org/10.65041/BiologicalForum.2026.18.4.13
Malathi, S., Kumar, R. S., & Padmakumari, A. P. (2026). Field screening of rice (Oryza sativa L.) genotypes for resistance to Asian rice gall midge, Orseolia oryzae (Wood-Mason), in Warangal, Telangana, India. Uttar Pradesh Journal of Zoology, 47(9), 213–220. https://doi.org/10.56557/upjoz/2026/v47i95650
Mohanavel, V., Muthu, V., Kambale, R. K., Palaniswamy, R., Seeli, P., Ayyenar, B., Rajagopalan, V., Manickam, S., Rajasekaran, R., Rahman, H., Nallathambi, J., Swaminathan, M., Chellappan, G., Vellingiri, G., & Muthurajan, R. (2024). Marker-assisted breeding accelerates the development of multiple-stress-tolerant rice genotypes adapted to wider environments. Frontiers in Plant Science, 15, 1402368. https://doi.org/10.3389/fpls.2024.1402368
Muralidharan, K., & Pasalu, I. C. (2005). Crop losses in rice ecosystems due to gall midge (Orseolia oryzae Wood-Mason) damage. Indian Journal of Plant Protection, 33(1), 11–16. 
Nandana, S. D., Jeyarani, S., Gopalakrishnan, C., Arul, L., Venugopal, S., & Ramalingam, J. (2025). Molecular, genetic and biochemical strategies: Rice’s arsenal against gall midge. Molecular Biology Reports, 52, 1019. https://doi.org/10.1007/s11033-025-11130-w
Neshkumar, Mandawi, N. C., Netam, P. K., & Sori, D. R. (2025). Screening of rice genotypes against gall midge, Orseolia oryzae (Wood-Mason). International Journal of Entomology Research, 10(9), 39–44. https://www.entomologyjournals.com/assets/archives/2025/vol10issue9/10255.pdf
Painkra, K. L., Painkra, G. P., & Nagabharni, G. (2017). Screening of late-planted rice genotypes against rice gall midge, Orseolia oryzae (Wood-Mason), in the northern hills of Chhattisgarh. Trends in Biosciences, 10(40), 8488–8491. 
Pasalu, I. C., & Katti, G. (2006). Advances in eco-friendly approaches in rice IPM. Journal of Rice Research, 1(1), 83–90. 
Prasad, K. S., Shubham, K., Mandawi, N. C., Netam, P. K., Thakur, A. K., & Singh, D. P. (2023). Screening of rice genotypes for resistance against rice gall midge, Orseolia oryzae (Wood-Mason), under field conditions. The Pharma Innovation Journal, 12(9), 1471–1475. 
Prasad, R., Hembrom, L., Kumar, B., & Prasad, D. (2018). Relative incidence of gall midge (Orseolia oryzae Wood-Mason) in some rice varieties under the agroclimatic conditions of Jharkhand. Journal of Eco-friendly Agriculture, 13(2), 72–74. 
Priyatham, K., Chakraborty, S., Paul, M., Harshavardhan, S. S., Singh, J., Nidhi, Dkhar, T., Suvarna, C., Kole, A., & Das, S. (2025). Genomics-assisted plant breeding for sustainable agriculture, environmental harmony, and global food security: A comprehensive review. Plant Cell Biotechnology and Molecular Biology, 26(1–2), 73–86. https://doi.org/10.56557/pcbmb/2025/v26i1-29102
Seni, A., & Naik, B. S. (2017). Screening of different rice entries against rice gall midge, Orseolia oryzae (Wood-Mason). International Journal of Environment, Agriculture and Biotechnology, 2(5), 2427–2432. https://doi.org/10.22161/ijeab/2.5.20
Seni, A., & Naik, B. S. (2019). Evaluation of rice germplasm against rice gall midge, Orseolia oryzae (Wood-Mason). Journal of Entomology and Zoology Studies, 7(4), 516–520. 
Shaik, N. M., Kumar, R. M., Muthuraman, P., Subba Rao, L. V., & Viraktamath, B. C. (2014). A handbook of package of practices for rice. Directorate of Rice Research. 
Srinivas, B., Chandramohan, Y., Thippeswamy, S., & Padmaja, D. (2016). Genetic variability and divergence studies for gall midge resistance and yield components in rice (Oryza sativa L.). International Journal of Bio-resource and Stress Management, 7(1), 1–7. https://doi.org/10.23910/IJBSM/2016.7.1.1433b
Srinivas, B., Nayak, P. G., Prasanna, B. L., Madhukar, P., & Sreenivas, G. (2025). Studies on gall midge (biotype 3) resistance and genetic analysis in rice (Oryza sativa L.) genotypes. Journal of Advances in Biology & Biotechnology, 28(2), 291–300. https://doi.org/10.9734/jabb/2025/v28i21990
Sumathi, E., & Manickam, G. (2013). Field screening of rice accessions against rice gall midge (Orseolia oryzae Wood-Mason). Crop Research, 45(1–3), 54–58. https://gauravpublications.com/journal/crop-research/volume-45/issue-1to3-january-june/011
Sundaram, R. M., Balachandran, S. M., Madhav, M. S., & Viraktamath, B. C. (2013). Biotechnological options for rice improvement. In P. K. Shetty, M. R. Hegde, and M. Mahadevappa (Eds.), Innovations in rice production (pp. 167–202). National Institute of Advanced Studies. 
Vijayalakshmi, P., Amudhan, S., Himabindu, K., Cheralu, C., & Bentur, J. S. (2006). A new biotype of the Asian rice gall midge, Orseolia oryzae (Diptera: Cecidomyiidae), characterised from the Warangal population in Andhra Pradesh, India. International Journal of Tropical Insect Science, 26(3), 207–211. https://doi.org/10.1079/IJT2006114

