Screening of maize germplasm for resistance against Spotted stem borer Chilo partellus (Swinhoe) (Lepidoptera: Crambidae)

Abstract
Chilo partellus, a notorious insect pest, wreaks havoc on global maize crops, causing substantial yield losses. Its destructive impact includes direct harm through feeding and stem tunnelling, result in weakened plants with severe grain yield reduction. Efforts have intensified to cultivate resistant maize varieties via germplasm screening to counter this menace. In a comprehensive study, we evaluated the resistance levels of 12 maize genotypes to Chilo partellus under field conditions. Employing a randomized complete block design with three replications, the genotypes, chosen for their diverse geographic origin and genetic makeup, underwent scrutiny based on parameters like plant height, leaf injury, dead hearts, stem tunnelling, and grain yield. The findings revealed significant disparities in resistance among the maize genotypes. CM 500, DH 291, FH 3754, and Vivek Hybrid 43 demonstrated high resistance. displaying a lower level of infestation, larval survival and stem tunneling, with good grain yield. Conversely, other genotypes proved moderately to highly susceptible. This study underscores the effectiveness of screening maize germplasm for Chilo partellus resistance in developing strategies to alleviate pest-induced losses. Identifying highly resistant genotypes serves as a foundation for creating new varieties equipped to withstand Chilo partellus. The outcomes also contribute to devising management approaches to mitigate Chilo partellus on maize crops. In essence, screening for resistance emerges as a crucial step in developing maize varieties resilient to Chilo partellus, offering promise for minimizing associated losses
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Introduction
Maize originated from Central America and Mexico, belongs to the Poaceae/ Graminae family, and is known for its adaptability and variety. Often called the "Queen of Cereals," maize has a high potential for yield and can be grown in different seasons and environments. It is rich in essential nutrients, including riboflavin, phosphorus, potassium, iron, calcium, zinc, and vitamin B. Yellow maize is particularly high in vitamin A, while other varieties like blue, purple, and red maize are loaded with antioxidants. One key benefit of maize is that it is gluten-free, making it suitable for people with celiac disease. In India, maize is the fourth largest crop in terms of acreage and seventh in productivity, representing about 4% of the world's maize area and 2% of the total production. The country planted 9.2 million acres of maize in the 2018-19 season, with the majority grown during the Kharif season (84%) and a smaller portion in the Rabi season (16%) (DACNET, 2020). A significant part of the Kharif maize is rainfed, facing environmental stress, which lowers Kharif production (2700 kg/ha) compared to Rabi production (4400 kg/ha). India's maize production has  grown dramatically, from 1.73 million metric tons in

1950-51 to 27. 8 million metric tons in 2018-19. Most of the maize produced is used for chicken feed (47%), while other uses include animal feed, industrial purposes, packaged food, and exports. Despite a changing climate, climate-resilient agronomy aims to maintain sustainable food production and stable livelihoods for farmers. (Singh et al., 2023).
The maize stem borer. C. partellus is found all over the globe and is a significant pest in several Asian and African nations (Siddiqui & Marwaha, 1993). It is impossible to prevent extensive damage since it attacks foliage, stems, central shoots, tassels, grains, and cobs, culminating in regional growth and low production. The borer feeds on leaves before entering the stem through the central whorl, giving the maize plant a new picture (Rahman et al. 1994). Borer infestation is identified by shot holes, whorl destruction, and dead hearts (Mutyambai et al., 2015). After infestation, resistant plants become stunted and develop dead hearts, reducing agricultural output (Doebley et al, 1990). Many integrated and comprehensive measures, including biological control, cultural control, and various tactics are used to manage C. partellus. As the larvae penetrate the core stem, unfortunately, these strategies have yet to be shown to be efficient. Henceforth, host plant resistance may be one of the most efficient strategies for these decreasing losses due to the self-compensation ability of the host plants. All responsible for resistance pathways, namely antixenosis, non-preference, antibiosis, and tolerance, are active against the maize stem borer. However, the maize crop lacks a mechanism for recording stem borer destruction; antibiosis and antixenosis mechanisms are advantageous for creating stem borer-resistant maize genotypes. The antixenosis mechanism of resistance prevents C. partellus larvae from eating the host plant (Kumar et al., 1997). The newly emerged caterpillars select an acceptable substrate for acceptance or rejection of the plants (Kumar et al., 1997) and subsequently orient toward that host organism and establish. Because of chemical and anatomical structure, the antixenosis resistance mechanism modulates larval direction, resting, and eating responsiveness (Khan et al., 1997). This behavioural response might be employed to control stemborers in maize.
Materials and Methods
The investigation was conducted at the field experiment farm of R.B.S. College Bichpuri, Agra, during the Kharif season 2022-23. The resistance levels of 12 maize genotypes to Chilo partellus was evaluated under field conditions under a Randomized Block design (RBD) in such a way that each genotype was fall in three replications. The crop was maintained as per the standard package of practices. The genotypes were chosen for their diverse geographic origin and genetic makeup, and scrutinized based on parameters like plant height, leaf injury, dead heart, stem tunnelling, and grain yield. Five plants were randomly selected from each plot of genotypes. The per cent leaf damage and dead heart were observed on fifty days after sowing (50 DAS), and per cent dead heart formation data was collected fifty days after sowing (50 DAS). Whereas the average plant height of different genotypes, yield per plot, and mean tunnel length were collected at the time of harvest. For per cent of dead heart formation, each plot is observed for the number of plants with dead heart symptoms from that of total number of plants observed.

Results and Discussion
An experiment was conducted to screen 12 genotypes of maize against maize stem borer, C. partellus. in Kharif 2022-23 The performance was determined based on plant height, leaf injury rating (LIR), mean tunnel length, and per cent dead-heart formation As stem borer is one of the important pests of maize in the eastern part of Uttar Pradesh during Kharif, the present study was aimed to combat this harmful pest, C partellus, through the least susceptible genotype. The qualitative and quantitative loss in kharif maize is attributed to many reasons, of which the stem borer C partellus ranks first. Since the incidence of this pest is noticed during the whole cropping period, managing the pest is difficult.
The distance between the roots and the flag leaf was measured. The genotype VIVEK HYBRID 43 had the lowest height of 141.28 cm as against 176.22 cm in IH 0712. The plant height of different genotypes varied between 141.28 centimetres to 176.22 centimetres. The in  tunnel length value was found to be 0.67 cm in VIVEK HYBRID 43 and 0 cm in IH 0712, respectively. The present findings also show a significant positive correlation between plant height and dead hearts. However non-significant positive correlation of r=0.2594. The present findings also show a variation in plant height, which agrees with Mugo et al. (2012). The non-significant negative correlation was observed between plant height and C. partellus infestation is in line with the result of Afzal et al. (2009) in maize. Furthermore, reported that plant height was adversely affected by C. partellus. Songs et al. (2001) reported that plants with good physical characteristics had a significant increase grain yield.

Table 1. Screening of maize germplasm against stem borer 

	S.
NO.
	Genotype
	Plant height (on 120 DAS) (cm)
	Leaf Injury Rating (on 20 DAS)
	Leaf Injury Rating (on 50 DAS)
	 Dead Heart (%)
	Tunnel Length
	Yield (Q/ha.)

	1
	LMH 1115
	171.23
	2.00
	3.00
	19.33
	1.00
	57.33

	2
	DH 291
	165.00
	3.66
	3.33
	15.33
	0.333
	76.00

	3
	FH 3754
	151.38
	4.33
	4.33
	10.33
	00
	74.00

	4
	Vivek Hybrid 43
	141.28
	3.33
	3.33
	3.33
	0.67
	74.67

	5
	In 0712
	176.22
	3.00
	5.00
	3.33
	00
	71.67

	6
	Hybrid Maize Sujata
	146.21
	3.66
	4.00
	00
	00
	60.33

	7
	Vivek Hybrid 21
	160.22
	4.00
	4.67
	14.33
	2.00
	69.33

	8
	BL 105
	170.11
	5.00
	0.33
	18.33
	1.33
	65.67

	9
	DH 298
	156.14
	4.33
	4.00
	13.33
	1.00
	63.00

	10
	Kanchan 25
	149.00
	6.33
	6.00
	14.66
	0.667
	66.33

	11
	CM 500
	160.18
	0.66
	0.33
	0.33
	00
	76.33

	12
	Basi Local
	158.14
	5.66
	5.67
	33.33
	6.67
	41.67

	
	CD
	1.851
	1.351
	1.335
	7.794
	1.874
	3.032

	
	SE (m)
	0.627
	0.458
	0.452
	2.640
	0.635
	1.027


DAS- Days After Sowing


The assessment of leaf injury at 20 DAS revealed varying degrees of susceptibility among different maize genotypes. Notably, CM 500 had the lowest average leaf damage(Leaf Injury Rating= 0.66). At the same time, Kanchan 25 had the highest average (Leaf Injury Rating) LIR of 6.33. Under natural infestation conditions, all cultivars showed varying degrees of infestation, with the maximum LIR less than 6.33. The leaf damage ranged from 0.33 to 6.33 on 50 DAS. The leaf injury was highest in the genotype Kanchan 25 (6.0), with 2/3 of the entire plant with damage. Pin holes, shot holes, and slits were also observed. At the same time. BL 105 and CM 500 registered LIR of 0.33. Certain genotypes performed significantly better than susceptible ones. (Table 1)
In recent studies, leaf damage incidences were shown to be maximum in the genotype Kanchan 25, whose mean leaf injury (LIR) of five plants was 6.00 at fifty days (50 DAS) and 6.33 at twenty days (20 DAS) after sowing, i.e., a plant showing 2/3 total leaf injuries. Moreover, at the same time, leaf damage was minor in genotype LMH 1115. DH 291, DH 298, and Hybrid Maize Sujata showed less leaf damage of 3, 3, 3, 3, 4, and 4, respectively. To measure leaf damage visual rating scale was used. The scale includes nine different types of parameters. During the initial stage, the size of the hole was increased. The percentage of dead heart values of Kanchan 25 and LMH 1115, DH 291, DH 298 and Hybrid Maize Sujata were 14.66%, 19.33%, 15.33%, 13.33%, and 0%, respectively.
The present findings also show a significant positive correlation between leaf injury at 50 DAS and dead hearts. However non-significant positive correlation of r=-0.480. And even present findings agree with reports that a highly significant positive correlation between leaf injury and stem tunnelling. Early studies of Jhansi (2005) revealed the varying levels of infestation among evaluated genotypes. Anuradha et al. (2012) reported that leaf injury and per cent of dead hearts are significantly correlated. Studies by Rasool et al. (2012) stated that the per cent dead hearts in resistant and susceptible germplasm were 0.0 to 7.8%, and 19,6 to 25.4%, respectively.

Tunnel length
Tunnel length between 0-5 cm was considered least susceptible, tunnel length between 5-10 cm moderately susceptible, and tunnel length >10 cm highly susceptible. The least susceptible genotypes were CM 500. LMH 111. DH 291. FH 3754, Vivek Hybrid 43. IH 0712 and Hybrid maize Sujata. Moderately Susceptible genotypes were BASI LOCAL. Highly susceptible genotype infestation is not seen in the trial. The present findings also show a significant positive correlation between leaf injury at 50 days and tunnel length. However non-significant positive correlation of r=-0.4195. These results strongly concur with who reported that leaf injury rating (LIR) and tunnel length are positively correlated. The results found through this experiment coincide with the results of Hemant Swami and Bajpai, N.K., who observed research in eight selected maize (Zea mays L.) varieties. 

Dead Heart
 The dead heart was found to be very low on Hybrid maize Sujata (0 %) and CM 500 ( 0.33%); on the other hand, many genotypes were found susceptible with variable levels of damage. Among them, BASI LOCAL recorded maximum damage of 33.33 %, followed by 19.33%, 18.33 %, and 15.33 per cent on  LMH 1115, BL 105, and DH 291, respectively. The dead heart formation was the least in the two genotypes (Hybrid maize Sujata and CM 500, with the per cent dead heart values of 0 % and 0.33%, respectively). It means that the damage by the maize stem borer. C. partellus was present in almost all the experimental plots. This states that genotype BASI LOCAL is highly susceptible to damage by dead heart formation. The genotypes like FH 3754. DH298, Vivek Hybrid 21. Kanchan 25 and IH 0712 were found to moderate level of damage with respect to the dead heart.
The present findings also show a significant moderate negative correlation between dead hearts and yield. However non-significant moderate negative correlation of r = - 0.702. However, a significant simple correlation was observed between the percentage of dead hearts and yield. These results are in strong confirmation with Ajala and Saxena (1994), who stated that dead hearts showed a secondary effect on yield loss. Further. Okweche (2013) stated that the percentage of dead hearts and yield parameters are negatively correlated. Kumar et al. (1993) evaluated four maize cultivars for resistance based on leaf feeding, stem feeding, and dead hearts in the greenhouse under the artificial infestation of C. partellus Singh et al. (1991) evaluated the forty sorghum genotypes, screened them for resistance to C. partellus  IS 2123 and IS 5469 had lower damage of dead hearts, while CSHI and Swarna were found susceptible.

Yield
The most vulnerable genotype to stem borer infestation showed lower yield, whereas a genotype with a lower incidence of stem borer showed a higher yield. The genotype BASI LOCAL had the lowest yield of 41.66 and the highest yield of  76.33 q/ha was recorded in CM 500, On the other hand, Vivek Hybrid 43 and FH 3754 yielded 74.00 q/ha and 74.67 q/ha respectively. The majority of the genotypes produce an average yield. In the experiment, the given result revealed that the yield of genotypes varied between 41.66 to 76.33 quintals per hectare Lowest yield in genotype BASI LOCAL (41.66 q/ha), and, on the other hand yield in CM 500 genotype (76.33 q/ha). Other genotypes that showed average yields between 57.33 q/ha to 74.67 q/ha are LMH 1115, FH 3754, Vivek Hybrid 43, IH 0712, Hybrid maize Sujata, Vivek Hybrid 21, BL 105, DH 298, and Kanchan 25. However, a negative correlation was recorded with leaf injury (r=-0.4404), tunnel length (r=0.8036), per cent dead heart (г =0.702) and plant height (r=0.0433) Harish Kumar (2011) reported that a negative correlation existed between tunnel length and yield. Alavofo (1986), obtained a significant correlation between yield and leaf injury. Further, Okweche (2013) reported that all damage parameters are negatively correlated with yield.

Conclusion
The present investigation revealed significant variation in resistance levels among the 12 maize genotypes screened against Chilo partellus. Among them, genotypes CM 500, DH 291,FH 3754, and Vivek Hybrid 43 exhibited strong resistance to stem borer infestation, characterized by low levels of leaf injury, minimal tunnel length, reduced dead heart formation, and higher grain yield. Conversely, Basi Local and other susceptible genotypes demonstrated higher levels of damage and lower yields. The correlation analysis confirmed that increased pest damage negatively affected yield parameters. These findings emphasize the potential of resistant genotypes in integrated pest management strategies and underscore the importance of germplasm screening for developing pest-resilient maize varieties. Continued evaluation and incorporation of such resistant lines in breeding programs can significantly contribute to sustainable maize production and food security.
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