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ABSTRACT

	Aim: The aim of this study was to find out the resistant rice cultures through screening against BPH under field and glass house conditions.
Study design: Field screening was carried out in RBD design with two replications whereas glass house screening was done by following Standard Seed box Screening Technique (SSST).
Place and Duration of Study: The research work was carried out at Regional Agricultural Research Station (RARS), Warangal, PJTAU during Kharif 2024.
Methodology: A set of 40 promising advanced rice cultures were collected from Rice Section, RARS, Warangal and those lines were screened against BPH along with resistant and susceptible checks BM-71 and TN-1 respectively under field and glass house conditions. In field the rice cultures were scored using the standard evaluation system (SES) on a 0–9 scale (IRRI, 2014) after 90% of the plants in the susceptible check had wilted, where as in glass house conditions, seedlings were infested with 5–8 BPH nymphs (first to third instar) per plant and covered with wire mesh wooden cages (45 × 45 × 60 cm). Daily monitoring was continued until over 90% mortality occurs in the susceptible check TN1. Plants were then scored for BPH damage on a 0–9 scale as per IRRI SES (2014).
Results: Out of 40 evaluated promising rice cultures 3 were found to be resistant viz., WGL 1929, WGL 1931, WGL 2042 and 8 were found to be moderately resistant viz., WGL 1927, WGL 1930, WGL 1939, WGL 1943, WGL 1946,  WGL 1950, WGL 1956 and WGL 1963, whereas WGL 2113 and WGL 2123 were moderately susceptible to BPH under both field and glass house conditions.
Conclusion: SSST is a rapid technique to identify the resistant rice cultures, these promising rice cultures can be utilized in breeding programmes.
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1. INTRODUCTION
Rice (Oryza sativa L.) is an important staple meal for almost 4 billion people around the world. Annually, biotic stress factors cause damage to around 52% of global rice output, with insect attacks accounting for 25% of the loss (Yarasi et al, 2008). Rice is susceptible to infestation by roughly one hundred insect species, among them, the brown planthopper (Nilaparvata lugens (Stal)) (Homoptera: Delphacidae) is one of the most devastating rice pests, BPH increases crop losses in warm climates. Its life cycle consists of adult, nymphs, eggs, and larvae. It can harm rice crops from vegetative to the reproductive stages. Brown Plant hopper is a big issue in rainfed and irrigated wetland habitats, as well as locations with continuous cultivation, submerged fields, heavy shadow, chemical fertilizers/pesticides, and humidity. Insect development is facilitated by closed rice plant canopy, densely seeded crops, high nitrogen consumption, and early season insecticide spraying. Its persistent feeding habit reduces plant vigor and development, frequently resulting in the harmful physiological condition known as "hopper burn” (Watanabe et al, 2000). It also serves as a vector for viral diseases including grassy stunt, ragged stunt, and other similar infections. The first major outbreak in India was in Kerala in the late 1960s. The pest had been present in Kerala since 1958 and 1962, but the 1973-1974 outbreaks marked the state's first substantial outbreak (Ganamala et al, 2024). Although several chemical treatments have been proposed to manage this pest (saro et al, 2015), its concealed feeding habit in the rice plant's base region makes traditional chemical control generally less effective. Its various biotypes pose significant challenges in managing infestations, necessitating ongoing research and monitoring. In order to control this pest plant resistance is the most practical and effective way. Based on this premise, the current objective was designed to discover rice cultivars resistant to BPH through field and screen house screening.
2. material and methods 
The present research work was carried out at Regional Agricultural Research Station (RARS), Warangal, PJTAU, during Kharif 2024 in Telangana.
2.1 Screening under field conditions
A set of 40 promising advanced rice cultures were collected from Rice Section, RARS, Warangal and those lines were screened against BPH along with resistant and susceptible checks BM-71 and TN-1 respectively. Each entry of 20 hills in 2 rows was planted with susceptible check TN1 in and around the trial plot with spacing 20 cm x15 cm. The rice cultures were then scored using the standard evaluation system (SES) on a 0–9 scale (IRRI, 2014) after 90% of the plants in the susceptible check had wilted (Table 1).
Table 1. Standard evaluation system for resistance against brown planthopper under field conditions.

	


Grade          Criteria                                                                               Reaction
	


0            No damage                                                                      Highly resistant (HR)
1	Slight yellowing of few plants	                                     Resistant ( R)
3	Leaves partially yellow	                                                  Moderately resistant (MR)
5            leaves with pronounced yellowing and some                Moderately susceptible(MS)
    stunting or wilting and 10 to 25% plants severely stunted
7         More than half of the plants wilting or with                        Susceptible(S)
       Hopper burn and remaining plants severely stunted
9	All plants dead		                                                 Highly Susceptible (HS)
	


2.2 Screening under glass house conditions
2.2.1 Mass rearing of BPH
The BPH was mass reared on the susceptible rice variety Taichung Native 1 (TN1) [5]. BPH population was initially collected from the rice fields in Warangal district. Gravid females were collected and placed on pre-cleaned, 35-day-old TN1 plants in oviposition cages (45 × 45 × 60 cm) at a ratio of twenty females and five males per plant. After three days, adults were removed, and egg-laden plants were transferred to separate cages for nymph emergence, later the emerged nymphs were transferred to 15-day-old TN1 seedlings in germination trays, which were replaced as needed. This protocol enabled maintenance of a continuous pure BPH culture throughout the study.
2.2.2 Standard seed box screening technique
This technique enabled us to rapidly identify resistant and susceptible lines. Pre-germinated seeds of test lines were sown 3 cm apart in 30 cm rows within 50 × 40 × 10 cm trays, with each line replicated twice so that there should be 15 plants per row. Susceptible (TN1) and resistant (BM71) checks are randomly included in all trays. Seedlings were infested with 5–8 BPH nymphs (first to third instar) per plant and covered with wire mesh wooden cages (45 × 45 × 60 cm). Daily monitoring was continued until over 90% mortality occurs in the susceptible check TN1. Plants were then scored for BPH damage on a 0–9 scale as per IRRI SES (2014) [Table 2]. Based on SES, SSST entries were categorized following (Jegadeeswaran et al , 2014) [Table 3].
Table 2. Standard Evaluation System (SES) describing the damage score of plant based on its reaction to BPH incidence
	Plant State                                                                                  Damage Score

	


    No damage	                                                                                     0
   Very slight damage	                                                                        1
   Lower leaf wilted with two green upper leaves                            	        3
   Two lower leaves wilted with one green upper leaf	                     5
    All three leaves wilted but stem still green	                                  7
    Plant is dead	                                                                                      9
	


Table 3. Categorization of levels of resistance based on damage score
	S.No.	                                  Reaction 	                                         Damage Score

		                        Resistant (R)	                                         1.0-3.0
2	                       Moderately Resistant (MR)	                3.1-5.0
3	                       Moderately Susceptible (MS)                         5.1-7.0
4	                       Susceptible (S)	                                           7.1-8.9
5	                       Highly Susceptible (HS)	                              9.0


3. results and discussion
3.1 Screening under field conditions
Out of the 40 promising rice cultures evaluated 3 were found to be resistant viz., WGL 1929 , WGL 1931 and WGL 2042 with number of BPH population per hill  and damaged tillers were 4.6, 1.68, 4.8  and 2.22, 2.7 and 2.2 respectively, 8 were found to be moderately resistant viz., WGL 1927, WGL 1930, WGL 1939,WGL 1943, WGL 1946,  WGL 1950, WGL 1956 and WGL 1963 where as 21 were susceptible, 8 were moderately susceptible [Table 4] against BPH.
The results were in accordance with the (Kumari et al, 2022), who evaluated 45 rice genotypes under field conditions out of them 3 were found to be resistant with damage score 1, while nine genotypes were moderately resistant with damage score 3, while moderately susceptible ones are 8, where as 19 were susceptible and 6 were highly susceptible with damage scores 5, 7 and 9 respectively. 
18 medium and 10 long duration rice cultures, as well as resistant check Ptb 33 and susceptible check TN1, were mass screened for their response to brown planthopper (BPH) in both greenhouse and field settings by (Bhanu , 2014). Of these, they found that 13  under field conditions and 14 under greenhouse conditions were resistant to BPH.
(Singh, 2025) evaluated 18 varieties of paddy out of them MTU 1060, PTB-33 and Poornima exbhited the similar level of resistance against BPH with lowest BPH density i.e., 1.08, 1.16 and 1.47 hoppers per plant respectively.
(Bhogadhi, 2015) carried out  field screening of 20 genotypes followed by standard seed box screening technique (SSST), honey dew test and nymphal survival test in the greenhouse revealed that BM71, ACC5098, ACC2398, MTU1001, Rathuheenathi showed low BPH damage score (3.0). In their evaluation of 630 rice genotypes in the field, (Kumar, 2023) found that 65 of them were resistant to brown plan thopper with a damage score (DS) of "1," whereas the remaining 470 were susceptible with a damage score of ≥5.
Table 4. Reaction of promising rice cultures against Brown Planthopper under field conditions
	


S. No.	Promising rice cultures          Damage score	                      Reaction
	


1	WGL 1923 		                      7	                                        S
2	WGL 1924 		                      7	                                        S
3	WGL 1926 		                      7	                                        S
4	WGL 1927 		                      3	                                        MR
5	WGL 1929 		                      1	                                         R
6	WGL 1930 		                      3	                                         MR
7	WGL 1931 		                      1	                                         R
8	WGL 1933 		                      7	                                         S
9	WGL 1939 		                      3	                                         MR
10	WGL 1940 		                      7	                                          S
11	WGL 1941 		                      5	                                         MS
12	WGL 1942 		                      7	                                          S
13	WGL 1943 		                      3	                                         MR
14	WGL 1946 		                      3	                                         MR
15	WGL 1947 		                      5	                                         MS
16	WGL 1950 		                      3	                                         MR
17	WGL 1956 		                      3	                                         MR
18	WGL 1957 		                      5	                                         MS
19	WGL 1963 		                      3	                                         MR
20	WGL 2042 		                      1	                                          R
21	WGL 1745 		                      7	                                          S
22	WGL 1990 		                   7	                                        S
23	WGL 2043 	                                7                                             S
24	WGL 2054                                         5	                                       MS
25	WGL 2063		                   7	                                        S
26	WGL 2055		                   5	                                       MS
27	WGL 2113		                   5	                                       MS
28	WGL 2114		                   7	                                         S
29	WGL 2115		                   7	                                         S
30	WGL 2086		                   7	                                         S
31	WGL 2093		                   7	                                         S
32	WGL 2101		                   7	                                         S
33	WGL 1971		                   7	                                         S
34	WGL-2077		                   7	                                         S
35	WGL 2116		                   7	                                         S
36         WGL-2118                                        7	                                         S
37	WGL 2123		                   5	                                        MS
38	WGL 2087		                   7	                                         S
39	WGL 2021		                   7	                                         S
40	WGL 2065	                                5                                             MS
41	TN 1			                   1                                              S
42	BM 71			                   1                                              R
	R= Resistant; MR= Moderately resistant; S= Susceptible; MS= Moderately Susceptible;


3. 2 Screening under glass house conditions
Out of the 40 promising rice cultures screened along with resistant and susceptible checks BM-71 and TN-1 respectively, 3 were found to be resistant viz., WGL 1929 , WGL 1931 and WGL 2042 with damage score 2.86, 2.99 and 2.89 respectively, while 8 were found to be moderately resistant i.e., WGL 1927, WGL 1930, WGL 1939,WGL 1943, WGL 1946,  WGL 1950, WGL 1956 and WGL 1963 with damage score of 4.8, 4.96. 4.7, 4.63, 4.13, 4.7, 4.86 and 4.96 respectively, where as 3 were moderately susceptible viz., WGL 1933, WGL 2113, WGL 2123  with damage score 6.73, 6.98 and 6.8 respectively, 1 is highly susceptible i.e., WGL 2118 with damage score 9 and the remaining 25 were susceptible (Table 5).
BM-71 showed resistance with damage score 2.53 where as the TN-1 was found to be highly susceptible with damage score 9.
The results were in accordance with (Kumar, 2022) who evaluated 91 entries out of them 2 were found to be highly resistant viz., RPGP-1066-36-12-1-2 and WS-18-OYT-72/BPH. 1 was resistant i.e., RPGP-1386-3-1-1-1 and 5 entries were moderately resistant to BPH viz., BPT 3025, RPGP-1011-100-56-1-4-1, RPGP-2212-8-1-2-2, KNM 12505 and WS-18-AYT-10. Similarly, the results were in accordance with (Raghavender, 2021)( where they screened 57 rice genotypes out of which 3 were found to be resistant , 5 were moderately resistant, 37 were moderately susceptible and 12 were susceptible by using PTB 33 and BM 71 resistant checks and TN1 as susceptible check.
In their evaluation of 400 germplasm accessions in a glasshouse, (Ramulamma, 2017) discovered that three of them were resistant and thirteen were moderately resistant.

Table 5.Reaction of promising rice cultures against Brown Planthopper under glass house conditions

		


S. No.	Promising rice cultures          Damage score	                       Reaction
	


1	WGL 1923 		                 7.26	                                          S
2	WGL 1924 		                 7.13	                                          S
3	WGL 1926 		                 7.43	                                          S
4	WGL 1927 		                 4.80	                                          MR
5	WGL 1929 		                 2.86	                                          R
6	WGL 1930 		                 4.96	                                          MR
7	WGL 1931 		                 2.99	                                          R
8	WGL 1933 		                 6.73	                                          MS
9	WGL 1939 		                 4.70	                                          MR
10	WGL 1940 		                 8.13	                                          S
11	WGL 1941 		                 7.46	                                          S
12	WGL 1942 		                 7.36	                                          S
13	WGL 1943 		                 4.63	                                          MR
14	WGL 1946 		                 4.13	                                          MR
15	WGL 1947 		                 7.96	                                          S
16	WGL 1950 		                 4.70	                                          MR
17	WGL 1956 		                 4.86	                                          MR
18	WGL 1957 		                 8.13	                                          S
19	WGL 1963 		                 4.96	                                          MR
20	WGL 2042 		                 2.89	                                          R
21	WGL 1745 		                 7.59	                                          S
22	WGL 1990 		                 7.53	                                          S
23	WGL 2043 	                              8.53                                            S
24	WGL-2054                                       8.60	                                          S
25	WGL-2063		                 7.40	                                          S
26	WGL 2055		                 8.33	                                          S
27	WGL 2113		                 6.98	                                          MS
28	WGL 2114		               8.40	                                           S
29	WGL 2115		               8.19	                                           S
30	WGL 2086		               7.03	                                           S
31	WGL 2093		               8.73	                                           S
32	WGL 2101		               8.46	                                           S
33	WGL 1971		               8.53	                                           S
34	WGL-2077		               8.86	                                           S
35	WGL 2116		               8.66	                                           S
36         WGL-2118                                    9.00	                                           HS
37	WGL 2123		               6.80	                                           MS
38	WGL 2087		               8.86	                                           S
39	WGL 2021		               8.73	                                           S
40	WGL 2065	                            8.53                                               S
41	TN 1			               9.00                                                HS
42	BM 71			               2.53                                                R
	R= Resistant; MR= Moderately resistant; S= Susceptible; MS= Moderately Susceptible; HS= Highly Susceptible


4. Conclusion
Out of the 40 promising rice cultures that were assessed 3 were found to be resistant to BPHi.e., WGL 1929, WGL 1931, and WGL 2042, while eight  i.e., WGL 1927, WGL 1930, WGL 1939, WGL 1943, WGL 1946, WGL 1950, WGL 1956, and WGL 1963 were found to be moderately resistant. In contrast, WGL 2113 and WGL 2123 were found to be moderately susceptible in both field and screen house conditions. Under glass house circumstances, WGL 1929, WGL 1931, and WGL 2042 recorded damage scores of 2.86, 2.99, and 2.89, respectively, however in the field, the BPH population per hill and the number of damaged tillers were 4.6, 1.68, 4.8, and 2.22, 2.7, and 2.2 for WGL 1929, WGL 1931, and WGL 2042, respectively.
Harnessing plant resistance is the most practical and successful method of pest management in agriculture. Hence, identifying resistant lines is extremely valuable since they can be utilized as donors in breeding operations.
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