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Field Screening of Rice genotypes for resistance to Gall midge, Orseolia oryzae (Wood-Mason) in Warangal, Telangana, India 
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ABSTRACT 
	Asian rice gall midge [Orseolia oryzae (Wood-Mason)] is a major pest of rice causing significant yield losses. The present study aimed to identify resistant sources among rice genotypes under natural field conditions. A total of 58 genotypes along with two checks were evaluated for resistance against gall midge at the Regional Agricultural Research Station, Warangal, Professor Jayashankar Telangana Agricultural University, Telangana, during Kharif, 2018 under delayed planting conditions to ensure adequate pest pressure. Genotypes were assessed based on per cent plant damage (PD) and incidence of silver shoots (SS). The susceptible check Taichung Native-1(TN-1) recorded 100% PD and 33.5% SS, indicating a highly susceptible reaction, whereas the resistant check Aganni showed no damage and was classified as highly resistant. Among the test entries, three genotypes-JGL-33440, SKL 07-08-720-63-147-182-276, and SKL 06-02-27-13-54-239-34 - exhibited moderately resistant reaction. Three genotypes (JGL-34569, JGL-34594, and KNM-6907) were categorized as moderately susceptible, while the remaining genotypes showed susceptible to highly susceptible responses.
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1. INTRODUCTION 

Asian rice gall midge, Orseolia oryzae (Wood-Mason) (Diptera: Cecidomyiidae), is one of the most destructive pests of rice in tropical Asia. The pest is widely distributed across Bangladesh, Myanmar, Cambodia, southern China, India, Indonesia, Laos, Sri Lanka, Thailand, and Vietnam (Hidaka, 1974; Hidaka et al., 1974). Infestation results in the formation of characteristic galls known as “silver shoots” or “onion tubes,” which suppress panicle formation and can cause yield losses exceeding 60% under severe conditions. (Hidaka et al.,1974). Globally, gall midge damage accounts for annual economic losses exceeding US$ 700 million (Herdt, 1991). In India, it contributes to an estimated yield loss of 0.8% of total rice production, equivalent to approximately US$ 80 million annually (Krishnaiah, 2004). However, localized outbreaks can result in crop losses ranging from 10 to 100% (Siddiq, 1991). In India, gall midge incidence has been reported from both irrigated and rainfed rice, from almost all rice growing states except western Uttar Pradesh, Uttaranchal, Punjab, Haryana and the hilly states of Himachal Pradesh and Jammu and Kashmir (Bentur et al., 2003). Areas such as northern Telangana, Vidarbha, Sambalpur, and coastal Karnataka are recognized as hotspots where moderate to severe infestations occur (Krishnaiah and Varma, 2011). In Telangana, districts like Warangal and Karimnagar frequently experience higher incidence, especially during the wet season under late transplanted conditions.
Since gall midge is an early-stage pest, timely monitoring within 30 days after transplanting is crucial for effective management. However, farmers often detect damage only after gall formation becomes visible, by which time, significant yield loss has already occurred. In this context, the use of resistant rice varieties offers an economical, eco-friendly, and sustainable management strategy. Resistant cultivars are compatible with integrated pest management (IPM) approaches and reduce reliance on chemical control. For instance, cultivation of resistant varieties such as Surekha and Phalguna over large areas in endemic regions of Telangana and Andhra Pradesh has been shown to reduce pest incidence and enhance yields by up to 45% (Krishnaiah et al., 1983).
The effectiveness of host plant resistance is influenced by the existence of multiple gall midge biotypes with varying virulence. Seven distinct gall midge biotypes, differing in their virulence have been reported (Vijayalakshmi et al., 2006). So far, 13 resistance genes against the pest (designated Gm1 through gm12) (Himabindu et al., 2010; Leelagud et al., 2020,) and a major QTL gm13 (Huang, 2026) have been identified from different rice varieties. Using three or four of these sources of resistance, more than 60 gall midge resistant rice varieties have been developed in India and released for commercial cultivation since 1975 (Bentur et al., 2003). Despite these, majority of high-yielding rice varieties are prone to gall midge attack (Bentur et al., 2016) due to narrow genetic variability and less diversity among the parents used in breeding. Thus, critical analysis of genetic variability and phenotypic screening for confirmation of recipient parent and finding new sources of resistance are prerequisites for a successful crop improvement programme (Patel et al., 2014). Identifying resistant sources through systematic germplasm screening is essential, as resistance expression can vary across environments and locations. Thus, the present study was conducted to screen certain rice genotypes against the most virulent population of gall midge at Warangal.

2. material and methods 

The present study was conducted to evaluate 58 rice genotypes against gall midge during Kharif, 2018 at Regional Agricultural Research Station, Warangal, Professor Jayashankar Telangana Agricultural University (PJTAU), Telangana, India. The test genotypes (Table 1) were screened in natural field conditions under delayed sowing and planting to capture maximum gall midge infestation in the experimental block. The experiment site is located at 18° 0' 49"North latitude and 79° 35' 55"East longitude and an altitude of 265 metres above mean sea level. The lines were evaluated under the Gall midge screening trial as per the technical programme given by the Entomology coordinating centre, ICAR-Indian Institute of Rice Research, Hyderabad under All India Coordinated Research Project on Rice. The constituted trial had breeding lines nominated from four locations along with the checks and evaluated for field resistance against gall midge.
	Nursery sowing was done during 3rd week of July and transplanted during 3rd week of August, 2018. The fields were mechanically ploughed, puddled and levelled. Transplanting of the genotypes was done at a spacing of 20 cm between the rows and 15 cm between the plants within the row. One seedling was transplanted per hill. Each genotype had 20 plants transplanted in a single row. The susceptible check Taichung Native -1 (TN-1) and Aganni (resistant check) were also grown along with test genotypes. TN-1 was grown as infestor rows (two times in between the test entries and also grown as border rows around the block of test entries to facilitate sufficient pest buildup. The crop was grown following all recommended agronomic practices. Manual hand weeding was carried out. Application of nitrogen, phosphorus, potash fertilizers was done at the rate of 120:60:40 Kg/ha, respectively. No plant protection measures were taken throughout the crop period. 
 	Observations on total number of plants, number of damaged plants with galls/silver shoots in each entry, number of tillers and number of silver shoots in each plant were recorded twice at 29 and 52 days after transplanting (DAT). Observations were recorded in all the plants of each entry from which mean values were computed. To assess the damage in TN-1, average of both the infestor rows was taken.  Per cent plant damage and per cent silver shoots were arrived at using the formulae: 


                                           Number of plants with silver shoots
Per cent Plant Damage (%PD) = -------------------------------------------------- x 100 
                                                                Total number of plants   

                                                        Mean  number of silver shoots per plant
Per cent Silver Shoots (%SS) = --------------------------------------------------------- x 100
                                                             Mean number of tillers per plant

       Then, the test entries were assessed for gall midge damage as per Standard Evaluation System (Table 1) for gall midge (IRRI, 2013), though nil damage  is desirable when using as a donor in a breeding program. 

Table 1: Methodology of scoring the reaction
	%  damage
	Score
	Reaction

	Based on Per cent silver shoots

	0
	0
	Highly Resistant

	<1
	1
	Resistant

	1-5
	3
	Moderately Resistant

	6-10
	5
	Moderately Susceptible

	11-25
	7
	Susceptible

	>25
	9
	Highly Susceptible

	Based on Per cent plant damage

	0-10
	
	Resistant 

	> 10
	
	Susceptible 



3. results and discussion

	The observations recorded at 29 DAT indicated relatively low gall midge incidence, with plant damage ranging from 0 to 50% and silver shoot incidence from 0 to 6.6% among the test genotypes, compared to 42.5% plant damage and 3.8% silver shoots in the susceptible check TN-1(Table 2). As the pest pressure was not sufficiently discriminative at this stage, genotypes were primarily evaluated based on observations recorded at 52 DAT.
	At 52 DAT, TN-1 recorded 100% plant damage and 33.5% silver shoots, confirming adequate pest pressure and suitability of the screening conditions. In contrast, the resistant check Aganni showed no damage, indicating a high level of resistance under the prevailing field conditions. Among the test genotypes, plant damage ranged from 20.0 to 100.0%, while silver shoot incidence varied from 1.2 to 44.7%, reflecting a wide variability in response to gall midge infestation.

Table 2: Screening of rice genotypes against gall midge during Kharif, 2018 at RARS, Warangal
	Entry No.
	Designation
	First Observation
(29 DAT)
	Second Observation
(52 DAT)
	Damage score*
	Resistance reaction*

	
	
	% PD
	% SS
	% PD
	% SS
	
	

	1
	JGL -24267
	10.0
	0.7
	95.0
	20.0
	7
	S

	2
	JGL-28547
	20.0
	1.5
	100.0
	32.2
	9
	HS

	3
	JGL -32429
	10.0
	0.6
	100.0
	38.4
	9
	HS

	4
	JGL -32467
	35.0
	2.4
	90.0
	15.3
	7
	S

	5
	JGL -32485
	15.0
	1.1
	100.0
	45.7
	9
	HS

	6
	JGL -32979
	25.0
	2.1
	100.0
	27.6
	9
	HS

	7
	JGL -33037
	0.0
	0.0
	75.0
	16.6
	7
	S

	8
	JGL -33049
	20.0
	1.1
	100.0
	25.1
	9
	HS

	9
	JGL -33077
	25.0
	1.8
	100.0
	29.6
	9
	HS

	10
	JGL -33080
	0.0
	0.0
	95.0
	32.2
	9
	HS

	11
	JGL -33100
	15.0
	1.4
	100.0
	30.4
	9
	HS

	12
	JGL -33124
	10.0
	0.9
	100.0
	25.3
	9
	HS

	13
	JGL -33130
	25.0
	2.3
	100.0
	33.2
	9
	HS

	14
	JGL -33366
	15.0
	1.4
	100.0
	25.2
	9
	HS

	15
	JGL -33399
	15.0
	1.6
	100.0
	33.2
	9
	HS

	16
	JGL -33430
	5.0
	0.4
	85.0
	10.6
	7
	S

	17
	JGL -33440
	0.0
	0.0
	25.0
	4.6
	3
	MR

	18
	JGL -33508
	20.0
	1.9
	95.0
	32.6
	9
	HS

	19
	JGL -33510
	25.0
	3.3
	90.0
	33.2
	9
	HS

	20
	JGL -34450
	30.0
	2.5
	90.0
	20.9
	7
	S

	21
	JGL -34505
	20.0
	1.7
	100.0
	44.7
	9
	HS

	22
	JGL -34508
	35.0
	2.3
	100.0
	34.6
	9
	HS

	23
	JGL -34540
	10.0
	0.8
	85.0
	34.6
	9
	HS

	24
	JGL -34560
	30.0
	3.9
	95.0
	27.1
	9
	HS

	25
	JGL -34564
	25.0
	2.7
	95.0
	33.6
	9
	HS

	26
	JGL -34569
	15.0
	1.4
	60.0
	8.6
	5
	MS

	27
	JGL -34594
	25.0
	1.5
	75.0
	9.3
	5
	MS

	28
	KNM-6854
	30.0
	1.7
	95.0
	21.3
	7
	S

	29
	KNM-6868
	25.0
	1.8
	90.0
	24.4
	7
	S

	30
	KNM-6869
	20.0
	1.8
	95.0
	23.5
	7
	S

	31
	KNM-6871
	20.0
	2.1
	100.0
	22.6
	7
	S

	32
	KNM-6872
	25.0
	3.1
	100.0
	26.4
	9
	HS

	33
	KNM-6873
	35.0
	3.0
	100.0
	29.6
	9
	HS

	34
	KNM-6881
	15.0
	1.4
	100.0
	31.3
	9
	HS

	35
	KNM-6905
	15.0
	1.3
	80.0
	12.5
	7
	S

	36
	KNM-6907
	10.0
	0.7
	70.0
	9.7
	5
	MS

	37
	KNM-6915
	10.0
	0.9
	100.0
	27.4
	9
	HS

	38
	KNM-6927
	25.0
	2.2
	100.0
	21.9
	7
	S

	39
	Aganni
	0.0
	0.0
	0.0
	0.0
	0
	HR

	40
	KNM-6928
	20.0
	2.4
	90.0
	19.4
	7
	S

	41
	KNM-6929
	45.0
	6.6
	95.0
	20.6
	7
	S

	42
	KNM-7037
	30.0
	2.3
	95.0
	24.1
	7
	S

	43
	KNM-7055
	30.0
	1.7
	100.0
	31.5
	9
	HS

	44
	SKL-07-11-117-50-65-60-267
	20.0
	2.3
	100.0
	19.9
	7
	S

	45
	SKL 07-11-177-50-84-12-40
	20.0
	1.6
	100.0
	22.1
	7
	S

	46
	SKL 07-13-316-8-31-65-44
	5.0
	0.4
	100.0
	22.0
	7
	S

	47
	SKL 07-16-87-38-12-154-118
	15.0
	1.7
	95.0
	21.4
	7
	S

	48
	SKL 07-08-720-63-147-182-276
	0.0
	0.0
	25.0
	2.0
	3
	MR

	49
	SKL 06-02-27-13-54-239-34
	0.0
	0.0
	20.0
	1.2
	3
	MR

	50
	WGL-1151
	20.0
	1.5
	95.0
	22.1
	7
	S

	51
	WGL-1153
	15.0
	2.5
	100.0
	25.6
	9
	HS

	52
	WGL-1164
	25.0
	3.0
	100.0
	27.4
	9
	HS

	53
	WGL-1175
	25.0
	4.1
	95.0
	23.7
	7
	S

	54
	WGL-1176
	40.0
	3.7
	95.0
	21.2
	7
	S

	55
	WGL-1178
	10.0
	2.2
	75.0
	26.2
	9
	HS

	56
	WGL-1180
	30.0
	2.2
	95.0
	19.9
	7
	S

	57
	WGL-1187
	30.0
	3.0
	95.0
	21.9
	7
	S

	58
	WGL-1191
	30.0
	5.4
	95.0
	26.8
	9
	HS

	59
	WGL-1196
	50.0
	4.0
	90.0
	19.6
	7
	S

	60
	TN 1 (S. check)
	42.5
	3.8
	100.0
	33.5
	9
	HS


DAT- days after transplanting ; % PD - Per cent plant damage; % SS- Per cent silver shoots
*Damage score and Resistance reaction based on silver shoot damage at 52 DAT
HR- Highly Resistant;   R- Resistant;   MR- Moderately Resistant; MS- Moderate Susceptible; S-Susceptible; HS- Highly Susceptible
	None of the test genotypes exhibited complete resistance (0% damage). Only three genotypes, JGL-33440, SKL 07-08-720-63-147-182-276, and SKL 06-02-27-13-54-239-34, showed moderately resistant (MR) reaction based on silver shoot incidence (≤ 5%). However, these genotypes recorded relatively high plant damage (20-25%).This suggests that classification based solely on silver shoot percentage may overestimate resistance and highlights the importance of considering multiple parameters like plant damage and age of the crop for accurate assessment.
.
	Three genotypes (JGL-34569, JGL-34594, and KNM-6907) were categorized as moderately susceptible, while majority of the genotypes fell under susceptible or highly susceptible categories. The high proportion of susceptible reactions indicates the limited effectiveness of the tested germplasm against the prevailing gall midge population. The overall susceptibility of the entries can be attributed to the presence of a virulent gall midge biotype (GMB4M) in the Warangal region, as reported earlier (Vijayalakshmi et al., 2006). The resistant check Aganni, which carries the Gm8 gene, remained effective against this biotype, suggesting that resistance governed by this gene is still functional under local conditions. Aganni possesses Gm8 gene, conferring hypersensitive independent (HR– type) resistance to gall midge biotypes GMB1, GMB2, GMB3, GMB4 and GMB4M (Sama et al., 2012).  
	The variation observed between plant damage and silver shoot incidence in moderately resistant entries may be due to differential expression of resistance at various growth stages or partial resistance mechanisms that limit gall formation but not initial infestation or seed purity. This could also be due to high tillering ability of the genotypes. Such genotypes, although not suitable as direct resistance sources, may still be useful in breeding programmes when combined with other resistance genes. These findings are in agreement with earlier reports indicating variability in gall midge resistance across locations and the influence of biotype on resistance (Sumathi and Manickam, 2013; Srinivas et al., 2016; Painkra et al., 2017; Prasad et al., 2018; Seni and Naik, 2017). The results emphasize the need for continuous screening of diverse germplasm and the incorporation of multiple resistance genes to achieve durable resistance against gall midge. 

4. Conclusion
	Field screening under Warangal conditions indicated that none of the rice genotypes tested, exhibited complete resistance to Asian rice gall midge. Although JGL-33440, SKL 07-08-720-63-147-182-276, and SKL 06-02-27-13-54-239-34 showed moderately resistant reaction based on silver shoot incidence, they had relatively high plant damage (20-25%). The predominance of susceptible reactions reflects the virulence of the local gall midge biotype (GMB4M). The absence of genotypes with consistently low plant damage and silver shoots limits their immediate use in breeding programmes. Integrating moderately resistant genotypes with need-based crop protection measures offers a practical strategy for managing the pest in endemic areas. However, ensuring long-term effectiveness requires multi-location evaluation and molecular characterization of resistance genes in the identified breeding lines to facilitate the development of cultivars resilient to evolving gall midge biotypes.
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