Eco-friendly Management of Yellow Stem Borer, Scirpophaga incertulas (Walker) in Basmati rice


ABSTRACT
Rice (Oryza sativa L.) is a major staple food crop globally, but its productivity is severely constrained by insect pests, particularly the yellow stem borer (Scirpophaga incertulas Walker). The present field study was conducted during Kharif 2022 at the Crop Research Centre, SVPUAT, Meerut, to evaluate the efficacy of selected botanicals, a biopesticide, and a chemical insecticide against yellow stem borer infestation in basmati rice (PB1509). Seven treatments, including tobacco leaf extract, karanja oil, eucalyptus oil, nimbecidine (neem-based), Metarhizium anisopliae WP, cartap hydrochloride 4% G, and an untreated control, were assessed under randomized block design. Observations on dead hearts and white ears incidence, grains yield, and cost–benefit ratio were recorded. Results indicated that cartap hydrochloride was the most effective in reducing pest incidence and achieving the highest yield (48.2 q/ha) with the higher cost–benefit ratio (1:9.45). Among bio-rational alternatives, M. anisopliae and nimbecidine performed significantly better than other botanicals, showing potential for eco-friendly pest management. The findings highlight that while chemical insecticides remain highly effective, bio-rational agents, particularly entomopathogenic fungi and neem formulations, can serve as sustainable components of integrated pest management in basmati rice cultivation.
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INTRODUCTION
Rice (Oryza sativa Linn.), a self-pollinated crop of the family Gramineae with chromosome number 2n = 24, is the second most widely grown cereal crop in the world and the staple food for more than half of the global population, particularly in Asia and Africa, with India being the second largest supplier and greatest exporter, cultivating 393.79 lakh hectares and producing 1308.37 lakh tonnes in 2022-23 (DAFW, 2022; PIB, 2022). Rice is primarily regarded as a high-energy or high-calorie food utilized by people around the world. It is the staple food for more than 65 per cent of Indian population contributing approximately 40 per cent to the total food grain production, thereby, occupying a pivotal role in the food and livelihood security of people. Although it contains less protein than wheat (6 - 9 per cent), it has a significant biological value. Rice contains all eight necessary amino acids as well as vitamins like thiamine (vitamin B1), riboflavin (vitamin B2), and niacin (vitamin B2). It has a fat content of 2.0 to 2.5 per cent and a carbohydrate content of 77.84 per cent. Rice has a low calcium level in general (Prakash et. al., 2007). 
[bookmark: _Hlk137802196][bookmark: _Hlk138847477]Basmati Rice means rice that have a pleasant aroma and flavour when cooked. The characteristics of basmati rice in India include its extra-long, superfine, slender grains, which have a length to breadth ratio is more than 3.5, sweet flavour, soft texture, delicate curvature, and an extra elongation with the least amount of breadth-wise swelling during boiling. The Basmati rice is also stated to be the Pearl of Rice (Farmers Portal, 2021). Punjab, Haryana, Himachal Pradesh, Delhi, Uttarakhand, Western Uttar Pradesh, and Jammu and Kashmir are the regions that have Geographical indication tags for producing basmati rice in India (IP India, 2016). 
More than 100 different species of insect-pests are known as rice pests; out of which some pests are economic significance which includes yellow stem borer, Scripophaga incertulas (Walker), leaf folder, Cnaphalocrocis medinalis (Guence), White Backed Plant Hopper, Sogatella furcifera (Horvath), Brown Plant Hopper, Nilaparvata lugens (Stal), Rice Gundhi bug, Leptocorisa acuta (Thunberg) and Gall midge, Orselia oryzae (Wood-Mason). These insect pests occur regularly and ravage the crop from seedling stage to maturity and few acts as vectors of viral diseases also (Rana et al., 2017).
Among the different insect pests associated with rice, the yellow stem borer, Scirpophaga incertulas (Walker) is one of the most destructive insect-pests and is widely distributed monophagous insect pest in Indian subcontinent and has assumed the number one insect-pests status and attacks the rice crop at all growth stages. The per centage of basmati rice yield losses attribuTable to yellow stem borer has been reported to be between 20-70 per cent. Yellow stem borer caterpillars bore into the central shoot of rice seedlings and tillers, which causes the central shoot to dry out and turn into "dead heart" and "white ear head" panicles when they are in the panicle stage (Rana et al., 2017).
Various control measures have been adopted to manage insect-pests in rice. Chemical control of rice insect-pests is still considered best method. But indiscriminate uses of chemical insecticides have resulted in a number of undesirable side effects such as the development of resistant insect strain, environmental pollution and health hazards to farmers. Residues of pesticides have also entered into the food chain and have bioaccumulated in the higher tropic level of agro-ecosystem. Several human acute and chronic illnesses have been associated with pesticides exposure was also been reported. Therefore, it has now become necessary to search for the alternative methods of insect-pests management, which can minimize the use of synthetic chemical pesticides. Botanical pesticides are one of the most important alternatives to minimize the use of synthetic chemical pesticides. Botanicals with different modes of action may minimize insecticide 
resistance and pest resurgence problems while being safe and eco-friendly (Singh 2018).
	Synthetic chemical insecticides are generally used in management of yellow stem borer, Scripophaga incertulas (Walker) but indiscriminate use of chemical insecticides to manage these insects resulted in hazardous effects such as insect resistance to chemical insecticides, residual toxicity, pest resurgence, secondary pest outbreak environmental pollution, ecological disturbance and human hazards. This evoked interest in biointensive approaches of pest management like use of microbial insecticides, biopesticides, botanicals, biocontrol agents, etc.

Materials and methods
 	The present investigation was carried under field conditions during Kharif, 2022 in the Crop Research Centre, Chirori of Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut. The experiment was laid out in randomized block design (RBD) with three replications. There was total seven treatments in the research trail included untreated control. The plot size for each treatment was kept 4 x 3 m². The provision was made to irrigate small plots separately with the help of irrigation channels provided in experimental area. Transplanting of seedling was done after Twenty-five days of nursery sowing on July 25, 2022 in a plot size of 4 x 3 m² keeping two seedling per hill.
[bookmark: _GoBack]The treatments are comprised of four botanicals i.e. Tobacco leaf extract @ 3 kg leaves/ha, Karanja oil @ 3 litre/ha, Eucalyptus oil @ 1 litre/ha, Nimbecidine 0.03 % EC @  2.5 litre/ha and one biopesticide (Metarhizium anisopliae (1x108 CFU) WP @ 2 kg/ha) and one insecticide i.e. Cartap hydrochloride 4 % G @ 20 kg/ha and one untreated Control. In control plot, only water was used. The tobacco leaf (3 kg) was purchased from shop and mixed with 8 litres of water, which was boiled for 30-50 minutes, the solution was allowed to cool for about 2 hours then filtered. All the treatments were applied twice, first at 35 days after transplanting and second at 60 days after transplanting with a knapsack sprayer using a spray volume of 500 litres of water/ha and Cartap hydrochloride 4 % G @ 20 kg/ha was broadcasted on standing crop mixing with sand after 35 days and 60 days of transplanting in standing crop during the crop season. The spraying was done during evening hours and precautions were taken to prevent treatments drift to other plots. Treatment details are given in Table-1. Threshing was done plot wise and grains were dried and weighed separately for each plot. Yield of both treated and untreated plots were recorded and computed to q/ha at 14 per cent moisture.	

Table-1. Detail of Treatments
	Name of treatment
	Trade name
	Dose
	Source

	T1-Tobacco leaf extract
	        -
	375g/litre
	Shop

	T2-Karanja oil
	Karanja oil
	3 litre/ha
	Avira

	T3-Eucalyptus oil
	Nilgiri oil
	1 litre/ha
	S.K. Product’s

	T4-Metarhizium anisopliae WP 
	Kalichakra
	2 kg/ha
	IPL BIOLOGICAL LIMITED

	T5-Nimbecidine 0.03 per cent EC
	Nimbecidine
	2.5 lit./ha
	T. STANES & COMPANY LIMITED

	T6-Cartap hydrochloride 4 % Gr
	CALDAN
	20 kg/ha
	Dhanuka agritech limited

	T7-Untreated control
	       -
	    -
	        -



Two sprays of each treatment were applied during the whole crop season. The first spray was applied 35 days after transplanting after that repeated at 25 days after first spray with a knapsack sprayer. For study the efficacy of treatments, the Infestations of yellow stem borer as "dead heart" and "white ear head" was recorded on five randomly selected hills per plot. The observations were made prior to 24 hours of first spray as well as on 7th, 14th and 21 days after each spray. Calculation of the percentage incidence of rice stem borer were done by using the following formula.
                             Per cent dead hearts = 
              
The grain yield of each plot was recorded separately at time of harvesting and converted into q/ha before statistical analysis. The net income of each treatment over the untreated control was calculated by the obtaining rate of rice grain from market basis of Kharif, 2022. Cost benefit ratio on net return per rupees invested was calculated using the following formula:                                       	           
                            Incremental cost benefit ratio = 

The data recorded during the course of investigation were also analysed with the help of computer software “OPSTAT” developed by O.P. Sheoran, CCS HAU, Hisar.




Result and Discussion
[bookmark: _Hlk137820279]	 The Overall performance of various treatment were determined in experimental field in relation to the dead heart and white ears percentage formations due to Scirpophaga incertulas. Before one day of first spray, the dead heart and white ears caused by Scirpophaga incertulas ranged from 5.09 to 6.07 per cent and ranged from 4.88 to 5.26 per cent. There were no significant differences among treatments (Table-2).
First application
The data recorded on 7 days after first spray revealed that all the treatments were significant over control (Table-2). The Cartap hydrochloride 4 % G @ 20 kg/ha was the most   effective treatment with 2.35 per cent dead hearts. The second-best treatment was Metarhizium anisopliae WP showed only 3.44 per cent dead hearts followed by Nimbecidine 0.03 percent EC with 4.54 per cent dead hearts and Tobacco leaf extract, Karanja oil, Eucalyptus oil with 5.08, 5.22, 5.51 per cent dead hearts, respectively. Whereas maximum dead hearts (5.93 % DH) were recorded from untreated control.
	On Fourteen days after first spray, the treatment Cartap hydrochloride 4 % G @ 20 kg/ha was recorded most effective with 3.28 per cent dead hearts followed by Metarhizium anisopliae WP showed only 4.18 per cent dead hearts after that Nimbecidine 0.03 percent EC was recorded with 5.22 per cent dead hearts infestation followed by Tobacco leaf extract, Karanja oil, Eucalyptus oil with 5.83, 6.01, 6.47 per cent dead hearts, respectively. whereas maximum dead heart 6.58 per cent was recorded from untreated control.
The observation recorded twenty-one days after first spray, Cartap hydrochloride 4 % G @ 20 kg/ha was more effective with 3.56 per cent dead heart followed by Metarhizium anisopliae WP with 4.88per cent dead hearts. The next best treatment was Nimbecidine 0.03 percent EC with 5.82 per cent dead hearts. Tobacco leaf extract and Karanja oil were proved quite effective with 6.46 and 6.67 per cent dead heart, respectively. The Eucalyptus oil with 7.15 per cent dead heart was recorded less effective among all the treatment. The maximum infestation 7.32 per cent dead hearts was recorded in untreated control (Table-2 and Fig.1). 
Second application
	The data recorded seven days after second spray, the number of white ears formation was significantly reduced by the spray of treatments (Table-3). The maximum white ear infestation was observed in untreated control (5.63 % WE), whereas, the minimum white ear infestation was observed in Cartap hydrochloride 4 % G @ 20 kg/ha wth 1.83 per cent white ear followed by Metarhizium anisopliae WP with 2.96 per cent white ears. The next succeeding treatments were Nimbecidine 0.03 percent EC and Tobacco leaf extract with 3.87 and 3.95 per cent white ears and followed by Karanja oil with 3.98 per cent white ears. The treatment Eucalyptus oil was found least effective with 4.32 per cent white ears infestation among all the treatments.
	The observation was recorded on fourteen days after second spray, all the treatments were found to be significantly superior over untreated control. The best treatment was Cartap hydrochloride 4 % G @ 20 kg/ha with 2.43 per cent white ears followed by the Metarhizium anisopliae WP with 3.73 per cent white ears infestation after that Nimbecidine 0.03 percent EC and Karanja oil with 4.68 and 4.98 per cent white ears infestation, respectively. The maximum infestation was recorded in Eucalyptus oil with 5.37 per cent white ears among all the treatments. All the treatments were found statistically superior over control (5.85 per cent white ears) in minimizing the white ears infestation of Scirpophaga. incertulas.
The data recorded on twenty-one days after second spray showed that all treatments were significantly superior over untreated control. Cartap hydrochloride 4 % G @ 20 kg/ha was still the best treatment by recorded with minimum 2.82 per cent white ears infestation. The next best treatment is Metarhizium anisopliae WP with 4.14 per cent white ears followed by Nimbecidine 0.03 percent EC with 5.07 per cent white ears. After that Tobacco leaf extract and Karanja oil were effective which showed 5.22, 5.44 per cent white ears, respectively. The maximum infestation 5.50 per cent white ears was recorded in eucalyptus oil among all the treatments. The maximum white ears 6.10 per cent white ears was recorded in untreated control (Table-3 and Fig. 2). The effectiveness of all the botanicals were not significantly different but Nimbecidine 0.03 percent EC are more effective as compare to other botanicals and eucalyptus oil showed more infestation as compare to all the botanicals after first and second application.
	The statistically analysed data regarding the effect of botanicals, biopesticides and insecticide on scirpophaga incertulas during kharif, 2022 showed that Cartap hydrochloride 4 % G @ 20 kg/ha was the most effective treatment throughout the treatment period (7, 14, 21 Days after spray) for minimizing the yellow stem borer infestation.  Fakruddin et al., (2017) have conformity with present findings they also reported that the Cartap hydrochloride 4 % G @ 20 kg/ha treated plots showed lower infestation of dead hearts and white ears as compared to other treatments. The next best treatment was Metarhizium anisopliae WP which showed that the lower infestation as compare to botanicals. Chatterjee and Mondal (2014) also showed that Metarhizium anisopliae WP was more effective from botanicals. The next best treatment was Nimbecidine 0.03 percent EC which showed lower infestation of dead heart and white ears after Metarhizium anisopliae WP. Balasubramamiam et al., (2019) and Choudhary et al., (2017) both reported that Nimbecidine 0.03 percent EC was effective against Scirpophaga incertulas. The next effective treatment was tobacco leaf extract. Mondal and Chakraborty (2016) and Rahman et al., (2020) both reported that the Tobacco leaf extract was effective for controlling the yellow stem borer. Kumari et al., (2019) and Dhivya and Kumar (2021) reported that Karanja oil and Eucalyptus oil were effective against yellow stem borer, respectively.  
The incremental cost benefit (CB) ratio of different treatment
[bookmark: _Hlk138694849]	Data on grain yield and cost benefit ratio under different treatments are presented in Table 4 and fig.4. All the Treatments gave higher yield along with higher CB ratio and were found superior over untreated control. The maximum grain yield with 48.2 q/ha was recorded in Cartap hydrochloride 4 % G @ 20 kg/ha with higher CB ratio (1: 9.45), followed by Metarhizium anisopliae WP @ 2 kg/ha the second-best treatment which recorded the grain yield of 44.4 q/ha and CB ratio (1:9.06). The remaining treatments in order were Nimbecidine 0.03 percent EC @ 2.5 lit./ha, Tobacco leaf extract @ 375 g/litre of water, Karanja oil @ 3lit./ha and Eucalyptus oil @ 1 lit./ha with grain yield (42.8, 41.6, 40.3, 39.7 q/ha) and CB ratio (1:3.17, 1:1.87,1:0.21 and 1:0.17) during the Kharif 2022, respectively. However, the lowest grain yield 37.5 q/ha was harvested in untreated control (Table-4 and Fig. 3).
	The grain yield data revealed that all the insecticidal treatments were significantly superior over untreated control. During kharif 2022, Cartap hydrochloride 4 % G @ 20 kg/ha @ 20 kg/ha treatment was found most effective with the highest yield of 48.2 q/ha and the highest cost benefit ratio was also calculated in Cartap hydrochloride 4 Gr (1:9.45) treated plot (Table.4). The next best yield was observed in Metarhizium anisopliae WP with the yield of 44.4 q/ha followed by Nimbecidine 0.03 percent EC with 42.8 q/ha. A similar result was observed by Fakruddin et al., (2017) which showed that the yield of rice is higher in Cartap hydrochloride 4 % G @ 20 kg/ha.
	These findings are also confirmed by Chatterjee and mondal (2014), Mondal and Chakraborty (2016), Singh (2018), Dhivya and Kumar (2021) and Kumari et al., (2019) who recorded increased grain yield by using botanicals and biopesticides over control.










	



Table-2 Effects of different treatments on dead hearts formation after first spray during kharif, 2022
	
S. No.
	
Treatment
	
Dose/ha
	% DH
Before spraying
	After first spray % DH (Days after spraying)

	
	
	
	
	      7 DAS
	      14 DAS
	     21DAS

	T 1
	  Tobacco leaf extract
	3 kg/ha
	5.80
	5.08
	5.83
	6.46

	
	
	
	
	(13.02)
	       (13.96)
	(14.72)

	T 2
	  Karanja oil
	3 lit./ha
	5.81
	5.22
	6.01
	6.67

	
	
	
	
	(13.20)
	       (14.18)
	(14.85)

	T 3
	  Eucalyptus oil
	1 lit./ha
	6.07
	5.51
	6.47
	7.15

	
	
	
	
	(13.56)
	(14.73)
	(15.50)

	T 4
	  Metarhizium anisopliae
	         2 kg/ha
	5.70
	3.44
	4.18
	4.88

	
	
	
	
	(10.65)
	        (11.79)
	(12.74)

	T 5
	  Nimbecidine 0.03 percent EC
	         2.5 lit./ha
	5.23
	4.54
	5.22
	5.82

	
	
	
	
	(12.29)
	(13.19)
	(13.95)

	T 6
	  Cartap hydrochloride 4 % G @ 20 kg/ha
	 20 kg/ha
	5.30
	 2.35
	3.28
	3.56

	
	
	
	
	(8.72)
	       (10.39)
	(10.88)

	T 7
	  Untreated control
	
            -
	5.09
	5.93
	6.58
	7.32

	
	
	
	
	        (14.07)
	       (14.85)
	(15.69)

	                       CD at 5%
                       SE(m)±
	N/A 0.427
	1.083
0.348
	0.690
0.222
	    0.501
    0.161


* Figures in parentheses are angular transformed value
   DAS = Days after spray
	
	
S. No.
	
Treatment
	
Dose/ha
	
% WE
Before spraying
	After second spray % WE (Days after spraying)

	
	
	
	
	       7 DAS
	       14 DAS
	        21 DAS

	T 1
	  Tobacco leaf extract
	3 kg/ha
	             5.05
	3.95
(11.45)
	4.81
      (12.67)
	5.22
          (13.18)

	T 2
	  Karanja oil
	3 lit./ha
	4.99
	3.98
(11.50)
	4.98
      (12.88)
	            5.44
          (13.45)

	T 3
	  Eucalyptus oil
	1 lit./ha
	5.26
	   4.32
 (11.99)
	5.37
      (13.39)
	            5.50
         (13.55)

	T 4
	  Metarhizium anisopliae
	         2 kg/ha
	4.95
	   2.96
 (9.81)
	3.73
      (11.09)
	4.14
          (11.74)

	T 5
	  Nimbecidine 0.03 percent EC 
	         2.5 lit./ha
	5.01
	   3.87
 (11.34)
	4.68
      (12.49)
	5.07
          (12.99)

	T 6
	  Cartap hydrochloride 4 % G @ 20 kg/ha
	20 kg/ha
	4.88
	   1.83
 (7.78)
	2.43
       (8.87)
	2.82
          (9.67)

	T 7
	  Untreated control
	
-
	5.12
	   5.63
 (13.69)
	5.85
      (13.99)
	            6.10
         (14.28)

	                     CD at 5%
                     SE(m)±
	N/A0.10
	0.794
0.255
	   0.827
   0.265
	           0.633
           0.203


Table-3 Effect of different treatments on white ears formation after second spray during Kharif, 2022
* Figures in parentheses are angular transformed value
   DAS = Days after spray

	
S. No.
	


Treatments
	
Dose/ha
	
Yield (q/ha)
	Increase yield over control
(q/ha)
	Value of increase yield (Rs/ha)
	Total cost of treatment application (Rs/ha)
	
Net profit (Rs/ha)
	Incremental Cost- Benefit Ratio

	
T 1
	  Tobacco leaf extract

	3 kg/ha
	
41.6
	
4.1
	
12915
	
4500
	
    8415
	
      1: 1.87

	
T 2
	  Karanja oil
	3 lit./ha
	40.3
	2.8
	8820
	7260
	   1560
	      1: 0.21

	
T 3
	  Eucalyptus oil
	1 lit./ha
	39.7
	2.2
	6930
	5900
	   1030
	       1: 0.17

	
T 4
	  Metarhizium anisopliae
	2 kg/ha
	44.4
	6.9
	21735
	2160
	    19575
	       1: 9.06

	
T 5
	  Nimbecidine 0.03 percent EC
	2.5 lit./ha
	42.8
	5.3
	16695
	4000
	     12695
	       1: 3.17

	T 6
	  Cartap hydrochloride 4 % G @ 20 kg/ha
	20 kg/ha
	48.2
	10.7
	33705
	3120
	     29505
	          1: 9.45

	
T 7
	  Untreated control
	
-
	37.5
	
-
	
-
	
-
	
-
	
-


Table-4 Yield, economics & cost benefit ratio of different treatments of Basmati rice (PB1509) during Kharif, 2022	
* Market price of Basmati rice (PB1509) Rs 3150/q, Labour charge Rs = 300/day and one labour for one day were used. 
      Cost: Benefit = value of saved yield/total cost of protection			
















                      Fig..1: Effects of different treatments on dead hearts formation after first spray during kharif, 2022















                      
                           Fig. 2: Effect of different treatments on white ears formation after second spray during Kharif, 2022



        













Fig 4: Incremental cost- benefit ratio of different treatments in basmati rice during Kharif, 2022
Conclusion
The field evaluation demonstrated that cartap hydrochloride 4% G was the most effective treatment in suppressing yellow stem borer infestation and improving grain yield in basmati rice. However, the reliance on synthetic insecticides poses environmental and health concerns. Among the eco-friendly alternatives, Metarhizium anisopliae and nimbecidine emerged as promising options, showing considerable reduction in dead hearts and white ears incidence along with good gains yield. Tobacco leaf extract and karanja oil provided moderate protection, whereas eucalyptus oil was comparatively less effective. All treatments outperformed the untreated control in terms of yield and economic return. The study emphasizes the potential of incorporating botanicals and microbial agents into integrated pest management (IPM) strategies to reduce dependence on synthetic insecticides while ensuring sustainable rice production.
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