
Evaluation of insecticidal molecules with granular formulation against stem borer

Abstract
The field trials were carried out at Research Farm, JNKVV-College of Agriculture, Balaghat, Madhya Pradesh to evaluate the insecticidal molecules with granular formulation against stem borer  in rice. All the insecticides significantly reduced the incidence of stem borers and minimized the yield loss. All the insecticidal treatments were found significantly superior over untreated control with respect to percent dead heart and white earhead symptoms at the vegetative stage and reproductive stage, respectively. The overall mean of percent dead heart and white earhead among all the insecticidal treatments, the minimum percent dead heart and white earhead were provided by chlorantraniliprole followed by fipronil over untreated control. The highest percent dead heart and white earhead were recorded in the untreated control plot. The yield attribute parameters exhibited that the chlorantraniliprole 0.4 G @ 10 kg/ha gave a maximum yield with a higher number of tillers and grains as compared to untreated control.  The fipronil 0.3 G @ 25 kg/ha and Carbofuran 3 G @ 25 kg/ha were recorded next better treatments forbecause they  obtained more yield after chlorantraniliprole, which was at par with each other. Whereas, more number of tillers were noted from fipronil and farmers practice i.e.Chlorpyrifos 50 EC + Cypermethrin 5% EC @ 1.2 litre/ha and more numbers of grains were recorded from fipronil and cartap hydrochloride. The minimum yield was recorded from untreated control plot with the lowest number of tillers and grains. Therefore, Iit could be said that chlorantraniliprole was the most economically effective treatment for the control of steam water and leaf folder by the highest cost benefit ratio. The next better treatment was recorded by fipronil cost benefit ratio and increased additional yield over untreated control.	Comment by MAKAZA: When was the trial done? What was the trial design, treatments and replication?	Comment by MAKAZA: Was this significantly different from the control?
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Introduction
Rice is the second most important grown cereal crop next to wheat and ranks third in food grain production. In India, rice is grows up in about 43.79 million hectares with a production of 112.91 million tonnes that shares 19.51 percent of world rice production with average productivity of 2578 kg/ha. Rice contributes to 65 percent of the total food grain production with 45 percent of cereal production of India and thereby holds the major position to sustain food sufficiency in India (Anon., 2019). In India, tentatively 100 insects have been reported as pests of rice and 20 of these are accepted to be key pests causing more than 30% yield loss from germination to harvest of the crop (Pathak and Dhaliwal, 1981 and Atwal and Dhaliwal, 2005). More than 10 species of insect pests have been reported to cause severe damage on rice crop in Madhya Pradesh, of which stem borers (Scirpophaga sp., Chilo sp. and Sesamia inferens Walk.) isare of economic importance. They damage the rice plants at all the stages of crop growth and are the key factors responsible for poor rice yield (Ram and Pathak, 1983). The different species of stem borers infesting rice crop from nursery to maturity stage. There are five species of stem borers distributed throughout India. In the Chhattisgarh plain agro-climatic region of Madhya Pradesh in particular Balaghat district, the stem borer is active from June to October and hibernates from November to March as a full-grown larva in the rice stem which is left in the field after harvest of the crop. The larva of stem borers makes a hole inside the stem during the vegetative stages and cause death and drying-up of the central tiller, a symptom called ‘dead heart-DH’. Incidence during the reproductive or ear head stages results in the formation of chaffy grains or panicles termed as ‘white earheads-WEH’. Larval feeding of stem borer also causes a reduction in plant vigour, fewer tillers, stunted growth and unfilled grains (Pathak, 1968). The reduction in yield has been related to an increase in the levels of the stem borer population. The avoidable losses caused by stem borer have been noted to be in the range of 0.10 to 80% in different agro-climatic regions with a mean yield loss of 40% (Manwan and Vega, 1975). For every percent of white ears, one to three percent loss in yield may be expected (Pathak, 1977). Severe yield loss is caused due to this pest by both dead hearts and white ear heads formation. Yield loss is found positively correlated with dead heart and white ear head infestations of vegetative, reproductive and mature phases of the crop (Rahman et al., 2004). In irrigated conditions, one percent infestation of stem borer at both phases (vegetative as well as reproductive) causes 4.60 percent or 201 kg/ha yields loss. In rainfed conditions, one percent dead heart and white ear head cause 2.30 percent or 76 kg/ha yield loss (Muralidharan and Pasalu, 2006). The extent of yield losses in rice due to stem borer has been estimated as 20 to 70% (Sharma et al., 2018). After perceiving that most of the synthetic insecticides kill off the beneficial parasitoids and predators, there is a need to use granular insecticides along with cultural and mechanical practices. Granular insecticides are safe from natural enemies in the early stage of the rice crop. This approach for insect pest management has been found eco-friendly. 	Comment by MAKAZA: Objectives?
Materials and Methods
The studies on Evaluation of insecticidal molecules with granular formulation against stem borer
was conducted at Research Farm of JNKVV-College of Agriculture, Balaghat, Murjhad Farm, Waraseoni during two consecutive Kharif seasons. The 25 days-old seedlings of rice variety, JRB-1 were transplanted at spacing’s of 20cm between rows and 15 cm between plants in well puddled plots each measuring 5x4 sq. m. The total 7 treatments including untreated control and one most commonly adapted farmers practice were selected for study purpose. The treatments details are as follows:

Chart 1. Methods of IPM practice 	Comment by MAKAZA: Table?
	Treatment
		IPM practice 
	Time of application
	Methods 

	T1	Comment by MAKAZA: In full.
	Clipping of the tip of leaf blade+ need based application of granular insecticides
	At the time of transplanting 
	Cut the seedling tip upto 5 cm from the upper portion 

	T2
	Wider spacing + need based application of granular insecticides
	At the time of transplanting
	Distance between row to row and plant to plant was kept 20 cm.

	T3
	Installation of straw bundles + need based application of granular insecticides
	Just before panicle initiation 
	Rice straw Bundle tied on a bamboo stick (four in each corner and one in middle of plot)  

	T4
	Hand destruction of immature stages and infected parts of plant + need based application of granular insecticides
	At 30, 45, 60, 75 and 90 days after transplanting
	Hand collection and destruction of immature stages i.e. egg masses & larvae of crambids and damaged plant parts by insects

	T5
	Seed and seedling treatment + need based application of granular insecticides
	At nursery sowing and transplanting 
	Seed and seedling treatment by chlorpyrifos 20 EC @ 10 ml/kg seed and 10 ml/litre of water

	T6
	Chlorpyrifos 50EC+Cypermethrin 5%EC (FP)
	1.2 Liter

	T7
	Control
	-
	


	The observation on stem borer was recordedfrom 10 randomly selected hills in each plot at 30, 45, 60, 75 and 90 days after transplanting with the help of the aforesaid formula given by Benturet al., (2012). Counts were taken on a number of dead hearts/white ears and a total number oftillers/panicles from five randomly selected hills. The percent incidence (dead heart/ whiteears) was calculated.The spider population was also recorded from the same location in each treatment.The economics of treatment was calculated in respective of cost: benefitratio. 
Results and discussion
Efficacy of granular insecticides on the dead heart (DH)
Pooled data of two consecutive years presented in Table 1 and Fig. 1, all the insecticidal treatments were found significantly superior over untreated control with respect to percent dead heart symptoms at the vegetative stage with which varied from 0.13 to 7.23% DH with the lowest and highest being in the treatment of granular insecticides and untreated control, respectively. At 5 days after treatment, the percent of dead heart was lower in chlorantraniliprole and fipronil (0.13% DH) as compared to others. A similar trend was observed at 10 days after treatment and chlorantraniliprole and fipronil giving the highest percent reduced symptoms. At 15 days after treatment, chlorantraniliprole (0.78% DH) again proved to be the best effective control followed by Fipronil (0.81% DH). The overall mean of percent dead heart among all the insecticidal treatments, the minimum percent dead heart (0.46% DH) was provided by chlorantraniliprole followed by fipronil (0.49% DH) over untreated control. The highest percent dead heart (5.35% DH) was recorded in the untreated control plot.	Comment by MAKAZA: Cant see this treatment and Fipronilm in the treatment table!
Efficacy of granular insecticides on white ear head (WEH)
The perusal of data on white ear head caused by stem borer at the reproductive stage is presented in Table 1 and Fig. 1. All the insecticidal treatments were significantly superior over untreated control regarding percent white ear head symptoms at 5 10 and 15 days after treatment. At 5 days after treatment, the lowest percent white ear head (0.09% WEH) was recorded in chlorantraniliprole treated plot followed by fipronil which was effective than other insecticides with 0.11% WEH. The next better treatment was found to be farmers practice i.e. application of chlorpyrifos 50 EC + cypermethrin 5% EC @ 1.2 litre/ha (0.16% WEH) and cartap hydrochloride 4G @18.75 kg/ha (0.23% WEH). At 10 DAT, the least percent white ear head was observed in chlorantraniliprole with 0.28% WEH, whereas the maximum percent white ear head symptoms were recorded in the untreated control (11.28% WEH). A similar pattern was observed at 15 days after treatment, the chlorantraniliprole again recorded the as most superior treatment for providing the least percent white ear head (0.70% WEH) relative to other treatments. 	Comment by MAKAZA: P value?
The present findings of the investigation are in close agreement with findings of Sahu et al. (2020) reported the granular formulations of chlorantraniliprole followed by fipronil. Similar observations were also reported by Chatterjee et al., (2019) and Omprakash et al. (2017)whoreported that the Chlorantraniliprole0.4 G @ 10 kg/hectare was superior for the control of stem borer with average 1.9 per cent dead hearts and 0.7 per cent white ears damage respectively.In present investigation, the next better granular insecticide after chlorantraniliprole was fipronil 0.3 G and it is closely confirmed by Niranjan et al., (2018) who reported that the fipronil 0.3G at 10 and 20 kg ha-1 was found to be more effective and superior among other granules in reduction of stem borer infestation to minimum of 1.84 and 2.13 per cent of dead hearts (DH) and 5.63 and 4.07 per cent of white ear heads (WEH) respectively; According to Singh et al., (2017) the fipronil 0.3G @ 15 kg/ha followed by the chlorantraniliprole 0.4 GR @ 10kg/ha and cartap hydrochloride 4G @ 25kg/ha with 5.88, 6.48 and 6.68 average YSB infestation, Sachan et al., (2018) and Niranjan et al., (2018). Hugar et al., (2009) found the superiority of fipronil 0.3G at 7.5 g a.i. ha-1 against yellow stem borer of rice with the least per cent infestation of 3.40 and 2.43 per cent of DH and 2.59 per cent of WEH respectively. The findings are also in agreement with the works of Firakeet al., (2010), Mishra et al., (2012), Dhaka et al., (2009), Satyanarayana et al., (2014) and Panda et al., (2004) who reported the superiority of fipronil in managing rice stem borer followed by cartap hydrochloride. According to Kulagodet al., (2011) Cartap hydrochloride 50 SP @1 g/lit and fipronil 2.5 ml/lit recorded the lowest per cent of WEH and leaf damage, respectively.
Effect of granular insecticides on yield parameters of rice
The pooled data presented in Table 2 and fig. 2, exhibited that the chlorantraniliprole 0.4 G @ 10 kg/ha gave a maximum yield of 31.88 q/ha with a higher number of tillers (16.52/hill) and grains (224/panicle) as compared to untreated control.  The fipronil 0.3 G @ 25 kg/ha and Carbofuran 3 G @ 25 kg/ha were recorded next better treatments for obtained more yield 29.08 and 28.15 q/ha, respectively after chlorantraniliprole, which was at par with each other. Whereas, more number of tillers were noted from fipronil and farmers practice i.e.Chlorpyrifos 50 EC + Cypermethrin 5% EC @ 1.2 litre/ha with 15.19 and 14.15 tillers/hill, respectively and more numbers of grains were recorded from fipronil and cartap hydrochloride with 204 and 186 grains/panicle, respectively.The minimum yield (18.85 q/ha) was recorded from untreated control plot with the lowest number of tillers 8.35/hill and grains 127.50/panicle.
Chatterjee et. al., (2019) reported the lowest insect-pest attack and highest grain yield were observed in the treatment of chlorantraniliprole 0.4%W/W granule application @ 10 kg/ ha (5241 kg/ha) followed by cartap 4G granule application @ 15 kg/ha (5000 kg/ha). Rana and Singh, (2017) who reported that chlorantraniliprole besides reduction of stem borer infestation in rice it also recorded the highest grain yield over control. Chatterjee et al., (2015) reported that the highest grain yield of rice was obtained from plot receiving granule application with spraying of chlorantraniliprole. The spider population was recorded maximum in the chlorantraniliprole granule applied plots in comparison to scheduled spray plots. Omprakash et al., (2017) and Sachan et al., (2018)reported that the chlorantraniliprole 0.4 G recorded higher average yield (69.63 q/ha). Dash et al., (2004) and Panda et al., (2004) who found that the highest yield was obtained from the treatments fipronil and cartap hydrochloride recorded. Mayabini (2004) also reported that fipronil was found promising in controlling the pest as well as increasing rice grain yield.
Economics of the different granular insecticides for the management of stem borer
The economics for management of stem borer and leaf folder through granular insecticides were mathematically calculated and finally compared on the basis of cost benefit in monetary terms. The data pertaining to these economical parameters are presented in Table 3. All the insecticidal treatments gave additional yield over untreated control. The maximum additional increased yield (13.05 q/ha) over untreated control was found in chlorantraniliprole, which gave the highest gross (Rs. 23454/-) and net returns (Rs. 19954/-) as compared to other insecticidal treatments. Therefore, it could be said that chlorantraniliprole was the most economically effective treatment for the control of steam water and leaf folder by the highest cost benefit ratio (1:5.70). The next better treatment was recorded by fipronil with 1:4.26 cost benefit ratio and 10.23 q/ha increased additional yield over untreated control. The higher gross (Rs. 18414/-) and net incomes (Rs. 14950/-) were recorded in fipronil than the other treatments. The lowest cost benefit ratio (1:0.90) was observed chlorpyrifos 10 G @ 10 kg/ha with minimum gross and net returns due to low additional yield over untreated control. The carbofuran and chlorpyrifos 50 EC + cypermethrin 5% EC (PF)treatments registered satisfactory insecticides with 1:3.40 and 1:2.93 cost benefit ratio.
Conclusion
The minimum percent dead heart (0.46% DH)and white ear head (0.33%) were reported in chlorantraniliprole followed by fipronil (0.49% DH and 0.42% WEH) over untreated control. The chlorantraniliprole 0.4 G @ 10 kg/ha gave maximum yield 31.88 q/ha and maximum additional increased yield (13.05 q/ha) over untreated, which was give highest gross returns (Rs. 23454/-) and net returns (Rs. 19954/-) as compared to other insecticidal treatments. Therefore, it could be saidy that chlorantraniliprole was most economical effective treatment for the control of stem borer by the highest cost benefit ratio (1:5.70). The next better treatment was recorded by fipronil with 1:4.26 cost benefit ratio and 10.23 q/ha increased additional yield over untreated control. 
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Table 1: Efficacy of insecticidal treatment against rice stem borer
(Pooled mean two years)
	Treatment
	Dose/ha
(Kg or ml)
	% DH Before spraying
	% DH after first spray
	% WEH after second spray
	Overall mean

	
	
	
	5 DAT
	10 DAT
	15 DAT
	Mean
	5 DAT
	10 DAT
	15 DAT
	Mean
	

	T1 -Fipronil 0.3 G
	25 Kg
	3.79 (11.23)*
	0.13 (2.07)
	0.52 (4.14)
	0.81 (5.17)
	0.49 (4.02)
	0.11 (1.90)
	0.41 (3.67)
	0.76 (5.00)
	0.42 (3.72)
	0.46 (3.89)

	T2 -Chlorantraniliprole 0.4 G
	10 Kg
	3.72 (11.13)
	0.13 (2.07)
	0.49 (4.02)
	0.78 (5.07)
	0.46 (3.89)
	0.09 (1.72)
	0.25 (2.87)
	0.66 (4.66)
	0.33 (3.29)
	0.40 (3.63)

	T3 -Carbofuran 3 G
	25 Kg
	3.88 (11.37)
	0.81 (5.17)
	0.93 (5.54)
	1.00 (5.74)
	0.91 (5.48)
	0.31 (3.19)
	0.67 (4.70)
	0.80 (5.13)
	0.59 (4.41)
	0.75 (4.97)

	T4 -Cartap hydrochloride 4G
	18.75 Kg
	3.69 (11.08)
	0.72 (4.87)
	0.79 (5.10)
	1.01 (5.77)
	0.84 (5.26)
	0.21 (2.63)
	0.50 (4.06)
	0.91 (5.48)
	0.54 (4.22)
	0.69 (4.77)

	T5 -Chlorpyrifos 10 G
	10 Kg
	3.78 (11.22)
	1.02 (5.80)
	1.01 (5.77)
	1.32 (6.60)
	1.12 (6.08)
	0.96 (5.63)
	1.07 (5.94)
	1.14 (6.13)
	1.06 (5.91)
	1.09 (6.00)

	T6 -Chlorpyrifos 50 EC + Cypermethrin 5% EC (PF)
	1.2 Liter
	3.65 (11.02)
	0.35 (3.39)
	0.92 (5.51)
	1.57 (7.20)
	0.94 (5.57)
	0.15 (2.22)
	0.83 (5.23)
	1.79 (7.69)
	0.92 (5.51)
	0.93 (5.54)

	T7 -Control
	· 
	3.83 (11.29)
	3.77 (11.20)
	5.06 (13.01)
	7.23 (15.61)
	5.35 (13.38)
	8.33 (16.78)
	10.97 (19.35)
	11.57 (19.90)
	10.29 (18.72)
	7.82 (16.25)

	
	SEm+
	0.06
	0.03
	0.04
	0.06
	0.07
	0.19
	0.18
	0.22
	0.21
	0.14

	
	CD at 5%
	N.S.
	0.11
	0.17
	0.19
	0.22
	0.56
	0.54
	0.65
	0.61
	0.41


Values in parentheses represents (*) arc- sine transformed values; DH= dead heart, WEH= white ear head, DAT= date of transplanting
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Fig. 1: Efficacy of insecticidal treatment against rice stem borer
Table 2: Effect of different insecticidal treatments on yield parameters of rice
	Treatment
	Dose/ha
(Kg or ml)
	Tillers/hill
	Grain/
panicle
	Yield (q/ha)

	T1 -Fipronil 0.3 G
	25 Kg
	15.19
	204.00
	29.08

	T2 -Chlorantraniliprole 0.4 G
	10 Kg
	16.52
	224.00
	31.88

	T3 -Carbofuran 3 G
	25 Kg
	12.53
	180.00
	28.15

	T4 -Cartap hydrochloride 4G
	18.75 Kg
	13.15
	186.00
	23.43

	T5 -Chlorpyrifos 10 G
	10 Kg
	10.42
	164.00
	21.60

	T6 -Chlorpyrifos 50 EC + Cypermethrin 5% EC (PF)
	1.2 Liter
	14.15
	170.50
	25.58

	T7 -Control
	-
	8.35
	127.50
	18.85

	
	SEm+
	0.28
	3.89
	0.44

	
	CD at 5%
	0.82
	11.64
	1.33
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Fig. 2: Number of tillers per hill under different insecticidal treatments
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Fig. 3: Number of grain per panicle under different insecticidal treatments
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Fig. 4: Yield performance of rice under different insecticidal treatment

Table 3: Economies of different treatments 
	Treatment
	Dose/ha
(Kg or ml)
	Yield q/ha
	Yield in excess
over untreated
control (q/ha)
	Gross
return due
to treatment
(Rs./ha)
	Protection
cost for 2
spray
(Rs./ha)
	Net returns
due to
treatment
(Rs./ha)
	C:B ratio

	T1 -Fipronil 0.3 G
	25 Kg
	29.08
	10.23
	18414
	3500
	14950
	1:4.26

	T2 -Chlorantraniliprole 0.4 G
	10 Kg
	31.88
	13.03
	23454
	3500
	19954
	1:5.70

	T3 -Carbofuran 3 G
	25 Kg
	28.15
	9.3
	16740
	4250
	12490
	1:2.93

	T4 -Cartap hydrochloride 4G
	18.75 Kg
	23.43
	4.58
	8244
	3100
	5144
	1:1.66

	T5 -Chlorpyrifos 10 G
	10 Kg
	21.60
	2.75
	4950
	2600
	2350
	1:0.90

	T6 -Chlorpyrifos 50 EC + Cypermethrin 5% EC (PF)
	1.2 Liter
	24.86
	6.01
	10818
	2460
	8358
	1:3.40

	T7 -Control
	-
	18.85
	
	
	
	
	


Rice produce sold @ 1800/- per quintal; Labour cost 375/- per day
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