Comparative Efficacy of Insecticide Molecules against the Management of Banana Pseudostem Weevil, Odoiporus longicollis Olivier in ‘Sugandhi’ Banana
ABSTRACT:

    The pseudostem weevil (Odoiporus longicollis Olivier) is a major pest of banana, causing significant yield losses. A field experiment was conducted over two consecutive seasons (2021 and 2022) using a randomized complete block design (RCBD) with twelve treatments, including various insecticidal applications, a standard check and an untreated control, each replicated three times. The present study demonstrated that the stem injection with dinotefuran 20% SG at 5 ml/plant (30 g in 500 ml water) and soil application of chlorantraniliprole 0.4% GR at 10 g/plant were the most effective treatments. These recorded the lowest mean damage grade indices (1.23 and 1.48, respectively), highest benefit-cost (B:C) ratios (4.99 and 4.71), maximum yields (42.87 and 40.13 t/ha) and highest net returns (₹514,198 and ₹474,320, respectively). Both treatments significantly reduced the total number of active weevil life stages and produced the maximum bunch weights (18.64 and 17.61 kg) and highest number of hands per bunch (15.40 and 15.20). Clothianidin 50% WDG applied basally at 0.25 g/3L/plant and fipronil 0.6% GR applied to soil at 10 g/plant were the next most effective treatments recording mean damage grade indices of 1.52 and 1.57, B:C ratios of 4.39 and 4.53, yields of 38.79 and 38.73 t/ha and net returns of ₹449,396 and ₹452,801, respectively. These treatments also showed considerable reductions in active weevil stages and improvements in bunch weight (16.87 and 16.77 kg) and number of hands per bunch (14.40 and 14.43). In contrast, the untreated control exhibited the highest damage grade index (4.16), the lowest B:C ratio (2.57),  the lowest yield (19.97 t/ha), lowest bunch weight (8.80 kg), and the least number of hands per bunch (11.13). These findings indicate that dinotefuran and chlorantraniliprole are highly effective for the management of O. longicollis in banana, offering significant agronomic and economic benefits followed by Fipronil and clothianidin.
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INTRODUCTION:

The pseudostem weevil (Odoiporus longicollis Olivier) is one of the most destructive pests affecting banana cultivation. Banana ranks as the fourth most important fruit crop globally, with India being the largest producer. Of the 40 million tonnes of fruit produced annually in India, banana contributes the highest share, accounting for 13.5 million tonnes from an area of approximately 400,000 hectares (Irulundi et.al.,2012). Banana crops are infested by various insect pests, among which the banana pseudostem weevil (BPW), also known as the banana pseudostem borer (Odoiporus longicollis, Coleoptera: Curculionidae), is considered a major constraint to banana production (Ostmark, 1974; Gailce et al., 2008). The female weevil deposits eggs within the air chambers of the outer sheath of the pseudostem by making holes using its rostrum. The emerging grubs bore extensive tunnels inside the pseudostem, feeding on plant tissues and eventually pupating within the same structure. This internal damage compromises the structural integrity of the pseudostem, often rendering it hollow and weak. The plants which were affected bear undersized fruits or fail to produce fruit depending on the severity of the infestation. Typically, symptoms become apparent only at an advanced stage, when larvae are fully developed (Padmanaban et al., 2001).

Farmers employ a range of management practices against BPW. However, many of these measures have not been thoroughly evaluated for efficacy or potential integration into holistic pest management systems (Karamura and Gold, 2000). Control strategies currently involve cultural practices such as the use of clean planting material, intercropping, removal and destruction of crop residues post-harvest, and pseudostem trapping. Other potential approaches involve biological control using entomopathogens (Pena et al., 1995), botanical and synthetic insecticides (Gold et al., 2001), and mass trapping with pheromone lures (Tinzaara et al., 2003). The pest status and severity of pseudostem weevil infestations can vary depending on agro-ecological conditions and the specific Musa cultivar involved (Gold et al., 2001). The present trial was conducted during the 2021 and 2022 cropping seasons as a curative measure in pseudostem weevil-infested banana fields in the Tungabhadra command area of Hosapete, Vijayanagar district. The study focused on the 'Sugandhi' cultivar (cv. AAB), which had exhibited significant pest incidence.

METHODOLOGY: -
The experiment was conducted during the 2021 and 2022 seasons in farmers' fields located in the Tungabhadra Command Area of Hosapete, Vijayanagar district. The study aimed to evaluate the curative efficacy of different insecticidal treatments against pseudostem weevil infestation in the banana variety 'Sugandhi' (cv. AAB). Totally 12 treatments including standard check evaluated in randomized complete block design (RCBD) with three replications. Infested plants were uniformly selected based on the extent of pseudostem damage and which was assessed using a damage grading scale/score. Each selected plant was tagged with colored ribbons corresponding to the respective treatments. The treatments were applied as a curative measure at two intervals, spaced fifteen days apart, during the 7th to 8th month of crop growth.

Table 1. Details of insecticide molecules used for the experiment 

	Tr. No
	Chemicals
	Method of application
	Dosage/ha/plant

	T1
	Dinotefuran 20 % SG
	Stem injection
	30 g in 500 ml water @ 5 ml/plant

	T2
	Flonicamid 50 % WG
	Stem injection
	30 g in 500 ml water @ 5 ml/plant

	T3
	Chlorantraniliprole 0.4 % GR
	Soil application
	10 g/plant

	T4
	Fipronil 0.6 % GR 
	Soil application
	10 g/plant

	T5
	Flonicamid 50 % WG
	Basal application
	1.0 g/ 3l/plant

	T6
	Chlorpyriphos 20 % EC 
	Basal application
	7.5 ml/3l/plant

	T7
	Imidacloprid 17.8 % SL
	Basal application
	0.75 ml/3l/ plant

	T8
	Triazophos 40 % EC 
	Stem injection
	150 ml in 350 ml water @ 5 ml/plant

	T9
	Azadirachtin 10000 ppm
	Basal application
	3 ml/3l/plant

	T10
	Clothianidin 50 % WDG
	Basal application
	0.25 g /3l/plant

	T11
	Carbofuran 0.3 % G
	Soil application
	10 g/ plant

	T12
	Un treated control
	-
	-


The infestation level of pseudostem weevil was assessed on 0-6 damage grade following the method of Padbhanaban et al. (2009). 

Table 2: Damage grade/score to assess the BPW infestation on Sugandhi banana

	Damage grade
	Symptom index

	0
	Plants with no symptoms on pseudostem

	1
	Plants with 1 to 10 bored holes on the pseudostem

	2
	Plants with 11 to 20 bored holes on the pseudostem

	3
	Plants with 21 to 40 bored holes on the pseudostem

	4
	Plants with 41 to 60 bored holes on pseudostem

	5
	Plants with 61 to 80 bored holes on pseudo stem

	6
	Plants with >80 bored holes on pseudo stem 

and pseudostem about break or broken
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Further, mean damage grade index was worked out using the below mentioned formula
Where, 

DG = Damage Grade

NP = No. of plants affected in that grade 

TP = Total number of plants observed 

Stem injection of insecticides into the pseudostem was carried out using a standard 10 ml syringe and an ordinary injection needle (size 1.2 × 38 mm / 18 × 1½). Injections were made at a height of 2 to 3 feet above ground level, at a depth of 2–3 cm. Care was taken to ensure the needle did not penetrate the core or pith of the pseudostem. The needle was inserted gently at a slanting angle from the top, using a raised wrist technique. To facilitate smooth penetration and prevent needle clogging, the needle was moved in and out of the pseudostem 2–3 times before actual injection. Subsequently, 5 ml of insecticide solution was slowly injected into each plant. For soil application of granular insecticides, a shallow trench was opened around the base of each tagged plant and the insecticide was applied accordingly. In the case of basal drenching, the insecticide solution was prepared by diluting the required quantity in water and applied at a rate of 3 litres per plant, targeting the base of the plant. Assessment of treatment efficacy was performed by assigning a damage grade to the pseudostem. Observations were taken one day before treatment, and subsequently on the 7th and 14th days after application. At the time of harvest, yield and yield parameters were recorded, including bunch weight (kg), total number of hands per bunch and total number of fingers per bunch. Further, the number of active life stages of the BPW  such as grub, pupae and adults were also recorded by destructive sampling ( an average of 6 plants for 3 replication) of infested plants randomly during harvest. Finally, the benefit-cost ratio (BCR) was calculated for two years pooled yield data in order to know the economic effectiveness of the treatments.

RESULTS AND DISCUSSION

Efficacy of insecticide molecules on damage grade index of BPW, 2021
The data pertaining to   the efficacy of different insecticides presented in Tables from 3 to 12.

First application:

Among the different treatments, there was non-significant difference, a day before application of treatments. After seven days after first application dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) recorded significantly least damage grade index (1.00) and it was statistically on par with chlorantraniliprole 0.4% GR soil application @ 10 g/pl (1.24), fipronil 0.6% GR soil application @ 10 g/pl (1.33) and clothianidin 50% WDG basal application @ 0.25 g/3l /pl (1.30), respectively and are next best treatments when compared with above mentioned treatments. After fourteen days after first application the damage grade per plant was significantly least in dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (1.23) as stem injection, However it was on par with treatments chlorantraniliprole 0.4% GR soil application @ 10 g/pl, fipronil 0.6% GR soil application @ 10 g/pl, clothianidin 50% WDG basal application @ 0.25 g/3l /pl, Imidachloprid @ 0.75 ml per plant, Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water), Azadirathrin 10000 PPM @ 3 ml per plant and carbofuran @10g/plant  respectively were registered accordingly 1.43, 1.57, 1.57, 1.87, 1.83, 1.80 and 1.83 damage grade index per plant in an evaluation procedure of stem injection, soil and basal application(Table 3). 

Second application : The damage grade index per plant at seven days after second application indicated significantly lowest damage grade in dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (1.53) as stem injection and chlorantraniliprole 0.4% GR soil application @ 10 g/pl (1.73) both were superior over other treatments followed by fipronil 0.6% GR soil application @ 10 g/pl (1.87) and clothianidin 50% WDG basal application @ 0.25 g/3l /pl (1.87) were found to be the next best treatments in reducing the infestation of pseudostem weevil. Similarly, the data on fourteen days after second application showed least damage grade was registered in treatments dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (2.00) and chlorantraniliprole 0.4% GR soil application @ 10 g/pl (2.33) as soil application both were statistically superior over rest all other treatments and onpar with fipronil 0.6 % GR @ 10 g/pl and clothianidin 50% WDG basal application @ 0.25 g/3l /pl as soil and basal application recorded 2.53 and 2.50 damage grade index per plant and are next best treatments  compared with aforesaid treatments  (Table 3).
The mean data of both the applications clearly indicated that dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) and chlorantraniliprole 0.4% GR soil application @ 10 g/pl were proved to be the best insecticide molecule against the banana pseudostem weevil as stem injection and soil application recorded a mean damage grade index value of 1.46 and 1.68, respectively. Both were statistically and significantly superior over rest of the treatments and were on par with treatments clothianidin 50% WDG basal application @ 0.25 g/3l /pl and fipronil 0.6% GR soil application @ 10 g/pl registered a mean 
Table 3. Bioefficacy of different insecticides against banana pseudostem weevil during 2021

	Treatments
	Damage grade index
	Mean

	
	DBA
	First application
	Second application
	

	
	
	7 DAA
	14 DAA
	7 DAA
	14 DAA
	

	T1 
	Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	1.00 (1.22)
	1.00 (1.22) a
	1.23 (1.32)a
	1.53 (1.43)a
	2.00 (1.58)a
	1.46 (1.40)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	1.00 (1.22)
	1.60 (1.45)bc
	1.90 (1.55)b
	2.73 (1.80)bc
	3.93 (2.11)bc
	2.52 (1.74)bc

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	1.00 (1.22)
	1.23 (1.31)ab
	1.43 (1.39)ab
	1.73 (1.50)a
	2.33 (1.68)a
	1.68 (1.48)a

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	1.00 (1.22)
	1.33 (1.35)abc
	1.57 (1.44)ab
	1.87 (1.54)ab
	2.53 (1.74)ab
	1.81 (1.52)ab

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	1.00 (1.22)
	1.60 (1.45)bc
	1.97 (1.57)b
	2.83 (1.83)c
	4.00 (2.12)bc
	2.58 (1.76)bc

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	1.00 (1.22)
	1.70 (1.48)c
	2.03 (1.59)b
	2.93 (1.85)c
	4.17 (2.16)cd
	2.66 (1.78)c

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	1.00 (1.22)
	1.67 (1.47)c
	1.87 (1.54)ab
	2.87 (1.84)c
	4.20 (2.17)cd
	2.63 (1.77)bc

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	1.00 (1.22)
	1.50 (1.41)bc
	1.83 (1.53)ab
	2.80 (1.82)c
	4.13 (2.15)cd
	2.57 (1.75)bc

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	1.00 (1.22)
	1.57 (1.44)bc
	1.80 (1.52)ab
	2.93 (1.85)c
	4.33 (2.20)cd
	2.66 (1.78)c

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	1.00 (1.22)
	1.30 (1.34)abc
	1.57 (1.44)ab
	1.87 (1.54)ab
	2.50 (1.73)ab
	1.81 (1.52)ab

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	1.00 (1.22)
	1.63 (1.46)bc
	1.83 (1.53)ab
	2.93 (1.85)c
	4.30 (2.19)cd
	2.69 (1.79)c

	T12
	Untreated control
	1.00 (1.22)
	2.53 (1.74)d
	3.13 (1.91)c
	5.43 (2.44)d
	6.00 (2.55)d
	4.16 (2.16)d

	S. Em ±
	
	0.05
	0.07
	0.09
	0.13
	0.08

	CD at 5%
	NS
	0.15
	0.22
	0.27
	0.40
	0.25


*Figures in the parentheses are (x + 0.5 transformed values ,   DBA-Days before application, DAA- Days after application

damage grade index value of 1.81 and 1.81, respectively and were next best treatments in reducing the infestation of BPW. The control plot recorded a mean damage index value of 4.16 which was statistically and significantly higher than the four aforementioned insecticides (Table 3). The method of application of insecticides also influenced its efficacy on the infestation of banana pseudostem weevil. Basal application, soil application and stem injection gave better results in suppressing the pest.

Efficacy of insecticides as stem injection, soil and basal application against damage grade during 2022
First application: The same experiment on the evaluation of insecticides as stem injection and basal application was undertaken during 2022 and the data is presented in Table 4. There were non-significant differences observed between the treatments a day before application. Among the different treatments evaluated, the damage grade after seven days after first application showed significantly least damage grade in dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)  (1.47), chlorantraniliprole 0.4% GR soil application @ 10 g/pl (1.73), fipronil 0.6 % GR @ 10 g/pl (1.80), azadirachtin 10000 ppm @ 3 ml/3l/pl (1.67) and clothianidin 50% WDG basal application @ 0.25 g/3l /pl (1.73) proved effective in reducing the weevil infestation. At fourteen days after the first application, the lowest damage grade continued to be observed in dinotefuran 20% SG stem injection at 5 ml/plant (1.87), which was statistically at par with chlorantraniliprole 0.4% GR at 10 g/plant (2.13), clothianidin 50% WDG at 0.25 g/3 L/plant (2.27), and fipronil 0.6% GR at 10 g/plant (2.33). These treatments, applied through soil or basal methods, were the next most effective options. In contrast, the untreated control plot exhibited a significantly higher damage grade (3.53), indicating inferior performance compared to all treated plots (Table 4).
 Second application : After seven days after second application, dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) as stem injection recorded significantly the lowest damage grade (1.93) which was statistically on par with chlorantraniliprole 0.4% GR soil application @ 10 g/pl, fipronil 0.6 % GR @ 10 g/pl, clothianidin 50% WDG basal application @ 0.25 g/3l /pl and Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water) were recorded 2.27, 2.60, 2.47 and 3.20 mean damage grade, respectively.
Likewise, damage grade per plant was recorded during fourteen days after second application and              was significantly least in dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml           water) (2.07) which was statistically on par with chlorantraniliprole 0.4% GR soil application 
Table 4. Bioefficacy of different insecticides against banana pseudostem weevil during 2022

	Treatments
	Damage grade index
	Mean

	
	DBA
	First application
	Second application
	

	
	
	7 DAA
	14 DAA
	7 DAA
	14 DAA
	

	T1 
	Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	1.00 (1.22)
	1.47 (1.40)a
	1.87 (1.54)a
	1.93 (1.56)a
	2.07 (1.60)a
	1.83 (1.53)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	1.00 (1.22)
	1.87 (1.54)ab
	2.47 (1.72)a
	3.20 (1.92)ab
	4.13 (2.15)b
	2.92 (1.85)bcd

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	1.00 (1.22)
	1.73 (1.49)a
	2.13 (1.62)a
	2.27 (1.66)ab
	2.40 (1.70)a
	2.13 (1.62)ab

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	1.00 (1.22)
	1.80 (1.52)a
	2.33 (1.68)a
	2.60 (1.76)ab
	2.67 (1.78)a
	2.35 (1.69)abc

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	1.00 (1.22)
	2.13 (1.62)ab
	2.63 (1.77)ab
	3.53 (2.01)b
	4.33 (2.20)b
	3.16 (1.91)d

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	1.00 (1.22)
	1.87 (1.54)ab
	2.53 (1.74)ab
	3.47 (1.99)ab
	4.17 (2.16)b
	3.01 (1.87)cd

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	1.00 (1.22)
	1.83 (1.53)ab
	2.53 (1.74)ab
	3.53 (2.01)b
	4.33 (2.20)b
	3.06 (1.89)cd

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	1.00 (1.22)
	1.73 (1.49)a
	2.53 (1.74)ab
	3.53 (2.01)b
	4.30 (2.19)b
	3.03 (1.88)cd

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	1.00 (1.22)
	1.67 (1.47)a
	2.40 (1.70)a
	3.53 (2.01)b
	4.33 (2.20)b
	2.98 (1.87)cd

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	1.00 (1.22)
	1.73 (1.49)a
	2.27 (1.66)a
	2.47 (1.72)ab
	2.60 (1.76)a
	2.27 (1.66)abc

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	1.00 (1.22)
	1.73 (1.49)a
	2.47 (1.72)a
	3.53 (2.01)b
	4.27 (2.18)b
	3.00 (1.87)cd

	T12
	Untreated control
	1.00 (1.22)
	2.60 (1.76)b
	3.53 (2.01)b
	5.47 (2.44)c
	5.97 (2.54)c
	4.39 (2.21)e

	S. Em ±
	
	0.08
	0.09
	0.13
	0.08
	0.08

	CD at 5%
	NS
	0.23
	0.28
	0.38
	0.25
	0.24


*Figures in the parentheses are (x + 0.5 transformed values ,   DBA-Days before application, DAA- Days after application
@ 10 g/pl (2.40), fipronil 0.6 % GR @ 10 g/pl (2.67) and clothianidin 50% WDG basal application @ 0.25 g/3l /pl (2.60), respectively (Table 4). The data on damage grade index for both the application indicated significantly lowest damage grade was registered in plot treated with dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (1.83) as stem injection which was statistically onpar with chlorantraniliprole 0.4% GR soil application @ 10 g/pl, clothianidin 50% WDG basal application @ 0.25 g/3l /pl and fipronil 0.6 % GR @ 10 g/pl proved next best effective, carrying a mean damage grade of 2.13, 2.27 and 2.35, respectively. The control plot recorded a damage grade index of 4.39 which was statistically and significantly higher than the treated plots. The other insecticides were less effective in recording higher damage grade index. 
Pooled efficacy of insecticides as stem injection, soil and basal application on damage grade index of BPW, 2021 and 2022

First application :The mean pooled data seven days after first application suggested that there was significant lowest damage grade per plant noted in dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (1.23) as stem injection and was statistically onpar with chlorantraniliprole 0.4% GR soil application @ 10 g/pl (1.48), fipronil 0.6 % GR @ 10 g/pl (1.57) and clothianidin 50% WDG basal application @ 0.25 g/3l /pl (1.52), Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water) (1.62) as stem injection, azadirathrin 10000 ppm @ 3 ml per plant (1.62) as basal application, Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (1.73) as stem injection and imidacloprid @ 0.75 ml per plant (1.75) as soil application, respectively. The observed data after fourteen days after first application indicated significantly least damage grade was noted in T1 dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (1.55) which was statistically on par with T3, T4, T10, T2, T8, T9, T7, T5 and T11 treatments with corresponding damage grade values of 1.78, 1.95, 1.92, 2.18, 2.18, 2.10, 2.20, 2.30 and 2.15, respectively (Table 5). 
Second application :The damage grade index after seven days at second application showed significantly least damage grade was registered in dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (1.73) as stem injection which was statistically on par with chlorantraniliprole 0.4% GR soil application @ 10 g/pl (2.00) and are statistically onpar with clothianidin 50% WDG basal application @ 0.25 g/3l /pl (2.17) and fipronil 0.6 % GR @ 10 g/pl (2.23) followed by next best treatment was Flonicamid 50% SG stem injection @ 5 ml/pl 
Table 5. Pooled data on Bioefficacy of different insecticides against banana pseudostem weevil during 2021 and 2022

	Treatments
	Damage grade index
	Mean

	
	DBA
	First application
	Second application
	

	
	
	7 DAA
	14 DAA
	7 DAA
	14 DAA
	

	T1 
	Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	1.00 (1.22)
	1.23 (1.32)a
	1.55 (1.43)a
	1.73 (1.49)a
	2.03 (1.59)a
	2.23 (1.65)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	1.00 (1.22)
	1.73 (1.49)a
	2.18 (1.64)a
	2.97 (1.86)bc
	4.03 (2.13)b
	3.38 (1.97)bc

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	1.00 (1.22)
	1.48 (1.41)a
	1.78 (1.51)a
	2.00 (1.58)a
	2.37 (1.69)a
	2.53 (1.74)ab

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	1.00 (1.22)
	1.57 (1.44)a
	1.95 (1.56)a
	2.23 (1.65)ab
	2.60 (1.76)a
	2.72 (1.80)abc

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	1.00 (1.22)
	1.87 (1.54)ab
	2.30 (1.67)a
	3.18 (1.92)c
	4.17 (2.16)b
	3.55 (2.01)c

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	1.00 (1.22)
	1.78 (1.51)ab
	2.28 (1.67)a
	3.20 (1.92)c
	4.17 (2.16)b
	3.52 (2.00)bc

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	1.00 (1.22)
	1.75 (1.50)a
	2.20 (1.64)a
	3.20 (1.92)c
	4.27 (2.18)b
	3.51 (2.00)bc

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	1.00 (1.22)
	1.62 (1.45)a
	2.18 (1.64)a
	3.17 (1.91)c
	4.22 (2.17)b
	3.44 (1.98)bc

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	1.00 (1.22)
	1.62 (1.45)a
	2.10 (1.61)a
	3.23 (1.93)c
	4.33 (2.20)b
	3.47 (1.99)bc

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	1.00 (1.22)
	1.52 (1.42)a
	1.92 (1.55)a
	2.17 (1.63)ab
	2.55 (1.74)a
	2.67 (1.78)abc

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	1.00 (1.22)
	1.68 (1.48)a
	2.15 (1.63)a
	3.23 (1.93)c
	4.28 (2.19)b
	3.49 (2.00)bc

	T12
	Untreated control
	1.00 (1.22)
	2.57 (1.75)b
	3.33 (1.96)b
	5.45 (2.44)d
	5.98 (2.55)c
	5.05 (2.36)d

	S. Em ±
	
	0.08
	0.08
	0.08
	0.07
	0.09

	CD at 5%
	NS
	0.24
	0.25
	0.25
	0.21
	0.26


*Figures in the parentheses are (x + 0.5 transformed values ,   DBA-Days before application, DAA- Days after application
(30g/ 500 ml water) as stem injection registered damage grade of 2.97 (Table 5). Similarly, fourteen days after second application revealed significantly the least damage grade recorded in dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (2.03) as stem injection which was statistically on par with chlorantraniliprole 0.4% GR soil application @ 10 g/pl (2.37), fipronil 0.6 % GR @ 10 g/pl (2.60) and clothianidin 50% WDG basal application @ 0.25 g/3l /pl (2.55), respectively in reducing psuedostem weevil infestation followed by next best treatments were T2, T5, T6 and T8 recorded 4.03, 4.17, 4.17 and 4.22 damage grade, respectively.
 The mean pooled data over both applications revealed T1 dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) as stem injection gave a damage grade index of 2.23 which was found significantly superior over rest of the treatments. However, it was on par with treatments T3 chlorantraniliprole 0.4% GR soil application @ 10 g/pl, T4  - fipronil 0.6 % GR @ 10 g/pl and T10 - clothianidin 50% WDG basal application @ 0.25 g/3l /pl, were proved effective in maintaining a mean damage grade index of 2.53, 2.72 and 2.67 as soil and basal application, respectively. The control plot recorded a damage grade index of 5.05 which was much higher than the treated plots. There were statistical differences between the control plot and the treated plots.

Efficacy of insecticides as stem injection, soil and basal application against the total number of active life stages of the weevil, 2021

The effect of insecticides on different life stages of banana pseudostem weevil during 2021 was tested under field conditions. The data is presented in Table 6. Among the insecticides tested, Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) as stem injection proved the most effective insecticide as it recorded significantly the least total number of different active life stages of the weevil (1.57) which was statistically onpar with Chlorantraniliprole 0.4% GR soil application @ 10 g/pl (2.13) followed by Fipronil 0.6% GR soil application @ 10 g/pl (2.87) and Clothianidin 50% WDG basal application @ 0.25 g/3l /pl (2.77) as soil and basal application found to be next best treatments in reducing the weevil population compared to the control plot which recorded 17.40 total number of active life stages. There were statistically significant differences between the treated and control plots. Other insecticides were moderately effective in suppressing the weevil population in the banana ecosystem.

Table 6 Efficacy of different insecticides on different life stages of banana pseudostem weevil at harvest during 2021

	Treatments
	No. of life stages/plant

	
	Grub
	Pupae 
	Adult
	Total

	T1 
	Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	0.23 (0.86)a
	0.33 (0.91)a
	1.00 (1.22)a
	1.57 (1.44)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	0.47 (0.98)a
	0.40 (0.95)a
	3.33 (1.96)c
	4.20 (2.17)c

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	0.30 (0.89)a
	0.43 (0.97)a
	1.40 (1.38)ab
	2.13 (1.62)ab

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	0.37 (0.93)a
	0.47 (0.98)ab
	2.03 (1.59)b
	2.87 (1.83)b

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	0.40 (0.95)a
	0.57 (1.01)ab
	3.80 (2.07)c
	4.77 (2.29)c

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	0.43 (0.97)a
	1.00 (1.22)c
	3.93 (2.10)c
	5.37 (2.42)c

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	0.50 (1.00)a
	0.87 (1.17)bc
	4.07 (2.14)c
	5.43 (2.44)c

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	0.40 (0.94)a
	0.53 (1.01)ab
	3.93 (2.10)c
	4.87 (2.32)c

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	0.40 (0.93)a
	0.40 (0.93)a
	3.73 (2.06)c
	4.53 (2.24)c

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	0.27 (0.88)a
	0.43 (0.97)a
	2.07 (1.60)b
	2.77 (1.81)b

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	0.47 (0.97)a
	0.60 (1.02)ab
	4.30 (2.19)c
	5.37 (2.42)c

	T12
	Untreated control
	2.33 (1.68)b
	3.00 (1.84)d
	12.07 (3.54)d
	17.40 (4.23)d

	S. Em ±
	0.06
	0.07
	0.10
	0.10

	CD at 5%
	0.17
	0.19
	0.29
	0.30


*Figures in the parentheses are (x + 0.5  transformed values
Efficacy of insecticides as stem injection, soil and basal application against the total number of active life stages of the weevil, 2022

The efficacy of different insecticides on different life stages of the banana psuedostem weevil present within the pseudostem at the time of harvest was also tested during 2022. The data on the life stages count of the weevil is presented in Table 7. The total number of active population count was recorded and it was the least (1.70) in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) as stem injection followed by Chlorantraniliprole 0.4% GR soil application @ 10 g/pl, Fipronil 0.6% GR soil application @ 10 g/pl and Clothianidin 50% WDG basal application @ 0.25 g/3l /pl were recorded a mean total of 2.20, 2.77 and 2.60 number of active life stages when applied as 10 g per plant as soil application and 0.25 g per plant as basal application and aforementioned treatments are the next best treatments to reduce the weevil population. In the control plants, the active life stages count was 16.33 which was significantly higher than other treatments.

Pooled data on efficacy of insecticides as stem injection, soil and basal application against the total number of active life stages of the weevil, 2021 & 2022

The pooled data over two years on the efficacy of various insecticides against the active life stages of the banana stem weevil is summarized in Table 8. The results clearly indicate that stem injection of Dinotefuran 20% SG @ 5 ml per plant (30 g in 500 ml of water) was the most effective treatment, significantly reducing the total number of active life stages to just 1.63. This was statistically on par with the soil application of Chlorantraniliprole 0.4% GR at 10 g per plant, which recorded 2.17 active stages. These two treatments were followed by Fipronil 0.6% GR and Clothianidin 50% WDG, both applied to the soil, Fipronil @ 10 g per plant and Clothianidin @ 0.25 g in 3 L of water per plant which resulted in average counts of 2.82 and 2.68 active life stages, respectively. These two treatments also showed comparable efficacy. In contrast, the untreated control plot recorded a significantly higher infestation, with an average of 16.87 active life stages of the weevil, underscoring the effectiveness of the tested insecticidal interventions.
Efficacy of insecticides as stem injection and basal application on yield and yield parameters, 2021

The efficacy of insecticides should not be restricted to the suppression of the pest alone. It should eventually contribute to the crop yields, both qualitatively and quantitatively. 
Table 7. Efficacy of different insecticides on life stages of banana pseudostem weevil at harvest during 2022

	Treatments
	No. of life stages/plant

	
	Grub
	Pupae 
	Adult
	Total

	T1 
	Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	0.27 (0.87)ab
	0.47 (0.98)ab
	0.97 (1.21)a
	1.70 (1.48)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	0.40 (0.95)abc
	0.53 (1.01)ab
	3.40 (1.97)c
	4.33 (2.20)c

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	0.20 (0.84)a
	0.53 (1.02)ab
	1.47 (1.40)ab
	2.20 (1.64)ab

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	0.33 (0.91)abc
	0.40 (0.94)a
	2.03 (1.59)b
	2.77 (1.81)b

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	0.40 (0.94)abc
	0.53 (0.99)ab
	3.47 (1.99)c
	4.40 (2.21)c

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	0.57 (1.03)c
	0.93 (1.19)b
	4.23 (2.18)c
	5.73 (2.50)d

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	0.33 (0.90)abc
	0.87 (1.17)b
	4.23 (2.18)c
	5.43 (2.44)cd

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	0.40 (0.94)abc
	0.53 (1.01)ab
	4.33 (2.19)c
	5.27 (2.40)cd

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	0.53 (1.01)bc
	0.73 (1.11)ab
	4.13 (2.15)c
	5.40 (2.43)cd

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	0.20 (0.84)a
	0.53 (1.00)ab
	1.87 (1.54)b
	2.60 (1.76)b

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	0.53 (1.01)bc
	0.83 (1.13)ab
	4.17 (2.16)c
	5.53 (2.46)cd

	T12
	Untreated control
	1.70 (1.48)d
	2.70 (1.78)c
	11.93 (3.52)d
	16.33 (4.10)e

	S. Em ±
	0.05
	0.07
	0.08
	0.09

	CD at 5%
	0.14
	0.22
	0.25
	0.26


*Figures in the parentheses are (x + 0.5  transformed values

Table 8. Pooled data on efficacy of different insecticides on life stages of banana pseudostem weevil at harvest during 2021 and 2022

	Treatments
	No. of life stages/plant

	
	Grub
	Pupae 
	Adult
	Total

	T1 
	Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	0.25 (0.87)ab
	0.40 (0.94)a
	0.98 (1.22)a
	1.63 (1.46)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	0.43 (0.97)ab
	0.47 (0.98)ab
	3.37 (1.96)c
	4.27 (2.18)c

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	0.25 (0.87)ab
	0.48 (0.99)ab
	1.43 (1.39)ab
	2.17 (1.63)ab

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	0.35 (0.92)ab
	0.43 (0.96)a
	2.03 (1.59)b
	2.82 (1.82)b

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	0.40 (0.95)ab
	0.55 (1.00)ab
	3.63 (2.03)c
	4.58 (2.25)cd

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	0.50 (1.00)b
	0.97 (1.21)c
	4.08 (2.14)c
	5.55 (2.46)d

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	0.42 (0.95)ab
	0.87 (1.17)abc
	4.15 (2.16)c
	5.43 (2.44)d

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	0.40 (0.94)ab
	0.53 (1.01)abc
	4.13 (2.15)c
	5.07 (2.36)cd

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	0.47 (0.98)ab
	0.57 (1.03)abc
	3.93 (2.11)c
	4.97 (2.34)cd

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	0.23 (0.86)a
	0.48 (0.99)ab
	1.97 (1.57)b
	2.68 (1.78)b

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	0.50 (0.99)ab
	0.72 (1.08)abc
	4.23 (2.18)c
	5.45 (2.44)d

	T12
	Untreated control
	2.02 (1.59)c
	2.85 (1.81)d
	12.00 (3.53)d
	16.87 (4.17)e

	S.Em ±
	0.04
	0.07
	0.09
	0.08

	CD at 5%
	0.13
	0.20
	0.29
	0.23


*Figures in the parentheses are (x + 0.5  transformed values

So, the data recorded during 2021 on the efficacy of insecticides on crop yield such as bunch weight, number of hands and total number fingers/bunches from banana plants (Sugandhi) are presented in Table 9.

 Bunch weight: The data on bunch weight indicated significantly higher bunch weight in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) as stem injection (18.64 Kg) which was onpar with chlorantraniliprole 0.4 % GR (17.61 Kg) as soil application and Clothianidin 50% WDG basal application @ 0.25 g/3l /pl (16.87 Kg) as basal application followed by fipronil 0.6 % GR (16.77 Kg) as soil application. The untreated control plot recorded significantly lower mean bunch weight of 8.83 Kg.
Number of hands per bunch : The observed data indicated significantly the highest number of hands per bunch was recorded in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (15.40) and was statistically on par with chlorantraniliprole 0.4 % GR(15.20), fipronil 0.6 % GR(14.43) and Clothianidin 50% WDG basal application @ 0.25 g/3l /pl (14.40) found the next best followed by flonicamid 50 % WG as stem injection and basal application, trizophos 40 % EC as stem injection recorded 13.60, 13.60 and 13.60 mean number of hands per bunch and are onpar with above mentioned treatments. The control plot recorded 11.20 mean hands per bunch. However, it was on par with imidacloprid 17.8 % SL (11.40) and azadirachtin 10000 ppm (11.40) respectively. The data clearly suggested that among the treatments there was no much significance difference in number of hands per bunch except weight. The data on total number of fingers per bunch showed non-significant results due to treatments and it varied from 184.38 to 210.80 total number of fingers per bunch. 
Yield/ha: The data on yield showed significantly higher yield in dinotefuran 20 % SG (42.32 t/h) as stem injection proved the best insecticide as there was 111 % increase in yield over control. However, it was on par with chlorantraniliprole 0.4 % GR (39.97 t/ha) as soil application, fipronil 0.6 % GR (38.08 t/h) as soil application and clothianidin 50 % WDG (38.30 t/h) as basal application proved next best treatment. The control plot recorded significantly lower yield of 20.05 t/h (Table 9).
Table 9. Influence of different insecticides molecules on the yield and yield parameters of banana during 2021

	Treatments
	Yield parameters

	
	Bunch wt. (kg)
	No. of hands/bunch
	No. of fingers/ bunch
	Yield (t/ha)

	T1 
	Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	18.64a
	15.40a
	210.59
	42.32a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	14.47de
	13.60ab
	206.42
	32.85cde

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	17.61ab
	15.20a
	210.00
	39.97ab

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	16.77bc
	14.43a
	210.80
	38.08abc

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	14.60de
	13.60ab
	206.06
	33.14cde

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	12.93ef
	12.20bc
	194.00
	29.34de

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	12.30f
	11.40c
	186.00
	27.92e

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	15.37cd
	13.60ab
	206.88
	34.88bcd

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	12.23f
	11.40c
	188.00
	27.75e

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	16.87abc
	14.40a
	209.47
	38.30abc

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	12.27f
	12.20bc
	194.00
	27.86e

	T12
	Untreated control
	8.83g
	11.20c
	184.38
	20.05f

	S. Em ±
	0.63
	0.66
	8.84
	1.44

	CD at 5%
	1.86
	1.96
	NS
	4.23


Efficacy of insecticides as stem injection, soil and basal application on yield and yield parameters, 2022

Bunch weight: Significantly maximum mean bunch weight was registered in dinotefuran 20 % SG (19.13 Kg) as stem injection which was statistically onpar with chlorantraniliprole 0.4 % GR @ 10 g/ plant(17.75 kg), fipronil 0.6 % GR @ 10 g /plant(17.35 Kg) as soil application and clothianidin 50 % WDG @ 0.25 g/plant (17.31 Kg) as basal application, proved the best treatments. Control plot recorded statistically the least mean bunch weight (8.76 kg) which was significantly differing from treated plots (Table 10).
Number of hands per bunch: Correspondingly, the data on number of hands per bunch indicated significantly higher number of hands per bunch was documented in plot treated with dinotefuran 20 % SG @ 5 ml per plant (15.40) which was on par with chlorantraniliprole 0.4 % GR @ 10 g/ plant (15.27), fipronil 0.6 % GR @ 10 g /plant(14.40) and clothianidin 50 % WDG @ 0.25 g/plant(14.40) as soil and basal application methods. The control plot registered 11.07 mean number of hands per bunch. However, it was on par with T7, T9, T6 and T11 treatments which recorded 11.40, 11.40, 12.20 and 12.25 mean hands per bunch, respectively. The data on total number of fingers per bunch indicated non-significant differences due to treatments evaluated and it varied from 183.79 to 210.73              
Yield : The observed data on yield per hectare revealed significantly higher crop yield in dinotefuran 20 % SG @ 30 g in 500 ml of water (43.42 t/h), However, it was on par with chlorantraniliprole 0.4 % GR @ 10 g /plant, fipronil 0.6 % GR @ 10 g/plant and clothianidin 50 % WDG @ 0.25 g/plant recorded mean yield of 40.29, 39.38 and 39.29 tonnes/ha, respectively. The control plot recorded the lowest yield of 19.89 t/ha.
Pooled efficacy of insecticides as stem injection, soil and basal application on yield and yield parameters, 2021 and 2022

The data on banana crop yield and other parameters were pooled and analysed. The pooled data analysis is shown in Table 11.

Bunch weight: Significantly maximum mean bunch weight of 18.89, 17.68, 17.06 and 17.09 kg was registered from the plots treated with Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)as stem injection, chlorantraniliprole 0.4 % GR @ 10 g/ plant, fipronil 0.6 % GR @ 10 g /plant as soil application and clothianidin 50 % WDG @ 0.25 g/3l/plant                as basal application, respectively and were significantly onpar with each other. These were 
Table 10. Influence different insecticides molecules on the yield and yield parameters of banana during 2022

	Treatments
	Yield parameters

	
	Bunch wt. (kg)
	No. of hands/bunch
	No. of fingers/ bunch
	Yield (t/ha)

	T1 
	Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	19.13a
	15.40a
	210.73
	43.42a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	14.70bc
	13.60bc
	206.22
	33.36bc

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	17.75a
	15.27ab
	209.14
	40.29a

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	17.35a
	14.40ab
	209.16
	39.38a

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	15.18b
	13.60bc
	206.06
	34.47b

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	12.71cde
	12.20cd
	193.45
	28.84cde

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	12.34e
	11.40d
	186.25
	28.01e

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	14.38bcd
	13.60bc
	206.61
	32.65bcd

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	12.37de
	11.40d
	184.15
	28.09de

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	17.31a
	14.40ab
	209.10
	39.29a

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	12.46de
	12.25cd
	192.01
	28.28de

	T12
	Untreated control
	8.76f
	11.07d
	183.79
	19.89f

	S. Em±
	0.69
	0.67
	9.09
	1.55

	CD at 5%
	2.02
	1.97
	NS
	4.56


Table 11. Pooled data on influence of different insecticides molecules on the yield and yield parameters of banana during 2021 and 2022

	Treatments
	Yield parameters

	
	Bunch wt. (kg)
	No. of hands/bunch
	No of fingers/ bunch
	Yield (t/ha)

	T1 
	Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	18.89a
	15.40a
	210.66
	42.87a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	14.58bc
	13.60ab
	206.53
	33.10b

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	17.68a
	15.23a
	209.57
	40.13a

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	17.06a
	14.42a
	209.98
	38.73a

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	14.89b
	13.60ab
	206.06
	33.80b

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	12.82cd
	12.20bc
	193.73
	29.09bc

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	12.32d
	11.40c
	186.23
	27.97c

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	14.88b
	13.60ab
	206.75
	33.77b

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	12.30d
	11.40c
	186.22
	27.92c

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	17.09a
	14.40a
	209.28
	38.79a

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	11.03d
	12.23bc
	193.01
	28.07c

	T12
	Untreated control
	8.80e
	11.13c
	184.08
	19.97d

	S. Em±
	0.68
	0.67
	9.80
	1.65 

	CD at 5%
	2.01
	1.98
	NS
	4.84


followed by Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water) as stem injection and basal application, triazophos 40 % EC as stem injection which recorded 14.58, 14.89 and 14.88 Kg, respectively. Control plot recorded the least mean bunch weight (8.80 kg) 
Number of hands per bunch: Similarly, the data on mean number of hands per bunch revealed significantly higher number of hands per bunch was noted in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) treated plots (15.40)  which  was  on  par  with  chlorantraniliprole 0.4 % GR @ 10 g/ plant (15.23), fipronil 0.6 % GR @ 10 g /plant (14.42) and clothianidin 50 % WDG @ 0.25 g/3l/plant (14.40) as soil application and basal application. The control plot recorded the least number of hands per bunch (11.13). However, it was statistically on par with T7, T9, T6 and T11 treatments recorded 11.40, 11.40, 12.20 and 12.23 mean hands per bunch, respectively. Likewise, the data on total number of fingers per bunch indicated no statistical significant differences between the treatments evaluated and it varied from 184.08 to 210.66 mean total number of fingers per bunch.
Yield: The pooled data on yield parameters between the treatments revealed significantly higher crop yield was noted in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (42.87 tonnes/ha) as stem injection proved most effective insecticide and it was on par with chlorantraniliprole 0.4 % GR @ 10 g /plant, fipronil 0.6 % GR @ 10 g/plant and clothianidin 50 % WDG @ 0.25 g/3l/plant as soil application and basal application recorded banana yield of 40.13, 38.73 and 38.79 tonnes/ha, respectively. Control plot recorded the least yield of 19.97 tonnes/ha.
Cost economics for the evaluation of insecticides against the management of banana pseudostem weevil

The efficacy of selective insecticides against Odoiporus longicollis (banana pseudostem weevil) was evaluated based on yield performance and economic analysis, as detailed in Table 12. Among the treatments, stem injection with Dinotefuran 20% SG @ 5 ml per plant (equivalent to 30 g in 500 ml of water) exhibited superior control efficacy, resulting in the highest fruit yield of 42.87 t/ha and a maximum benefit-cost (B:C) ratio of 4.99, with corresponding net returns of ₹514,198. Chlorantraniliprole 0.4% GR applied @ 10 g/plant as a soil treatment was the next most effective intervention, achieving a yield of 40.13 t/ha, B:C ratio of 4.71, and net returns of ₹474,320. This was followed by Fipronil 0.6% GR                    (10 g/plant, soil application), which recorded a yield of 38.73 t/ha, a B:C ratio of 4.53, and 
Table 12. Economics of different insecticides used for management of banana pseudostem weevil in cv. Sugandhi (Pooled data)

	Treatments
	Yield

(t/ ha)
	Agronomic cost (Rs/ha)
	Cost of plant protection (Rs/ha)
	Total cost of production

(Rs/ha)
	Gross returns (Rs.ha)
	Net returns (Rs/ha)
	B: C Ratio

	T1 
	Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	42.87
	1,16,658
	12,178
	1,28,836
	6,43,034
	5,14,198
	4.99

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	33.10
	116,658
	19,370
	1,36,028
	4,96,563
	3,60,535
	3.65

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	40.13
	1,16,658
	11,026
	1,27,684
	6,02,004
	4,74,320
	4.71

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	38.73
	1,16,658
	11,434
	1,28,092
	5,80,893
	4,52,801
	4.53

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	33.80
	1,16,658
	60,966
	1,77,624
	5,07,056
	3,29,432
	2.85

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	29.09
	1,16,658
	13,056
	1,29,714
	4,36,408
	3,06,694
	3.36

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	27.97
	1,16,658
	8,284
	1,24,942
	4,19,496
	2,94,554
	3.36

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	33.77
	1,16,658
	7,501
	1,24,159
	5,06,494
	3,82,335
	4.08

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	27.92
	1,16,658
	14,426
	1,31,084
	4,18,815
	2,87,731
	3.20

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	38.79
	1,16,658
	15,861
	1,32,519
	5,81,915
	4,49,396
	4.39

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	28.07
	1,16,658
	8,070
	1,24,728
	4,21,028
	2,96,300
	3.38

	T12
	Untreated control
	19.97
	1,16,658
	0
	1,16,658
	2,99,527
	1,82,869
	2.57


Average market price of banana= Rs.15/kg
net returns of ₹452,801. Clothianidin 50% WDG applied @ 0.25 g/plant via soil treatment yielded 38.79 t/ha with a B:C ratio of 4.39 and net returns of ₹449,396. The untreated control recorded the lowest performance, with a B:C ratio of 2.57. The data clearly indicate that Dinotefuran 20% SG, Chlorantraniliprole 0.4% GR, Fipronil 0.6% GR, and Clothianidin 50% WDG were not only effective in suppressing pseudostem weevil infestation but also provided substantial economic gains, thereby representing viable management options for sustainable banana cultivation.

The cumulative mean data of both the years and sprays revealed between the treatments significantly least damage grade index, active live life stages of BPW after harvest and maximum bunch weight, number of hands per bunch, yield levels were noted in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) as stem injection (5 ml/plant) proved superiority over other treatments. However, which was on par with treatments chlorantraniliprole 0.4 % GR @ 10 g/plant, fipronil 0.6 %. GR @ 10 g/plant and clothianidin 50 % WDG @ 0.25 g/3l/plant were proved effective in registering above mentioned parameters respectively, as soil and basal application. 
Dinotefuran is a broad-spectrum insecticide used to manage various insects such as aphids, whiteflies, thrips, leaf hoppers, leaf miners, beetles, weevils and mealybugs. The superiority of the treatment Dinotefuran might be attributed to its contact and ingestion mode of action resulting in cessation of feeding within several hours of contact and death shortly after. Dinotefuran does not inhibit cholinesterase but it binds irreversibly to insect nicotinic receptors and mimics the effects of acetylcholine, resulting in continuous nerve stimulation, incoordination, tremors, and death of the insect.
 Likewise, the superiority of next best chemical chlorantraniliprole 0.4 % GR @ 10 g/plant as soil application method as this chemical belongs diamides group having  different mode of action compared to other common insecticides and acts as a ryanodine receptor modulator binds to a specific receptor in muscles called the ryanodine receptor. When chlorantraniliprole binds to this receptor, it causes muscle cells to leak calcium. The muscles stop working normally. The insect is paralyzed and dies. It is active on chewing pests primarily by ingestion and secondarily by contact action. Further chlorantraniliprole is belonging to a new class of selective insecticides (anthranilic diamides) featuring a novel mode of action as it is taken up through plant roots and translocated throughout the plant tissues and growing points providing protection to developing plants. Upon ingestion, it exhibits quick action with immediate death of insects. It is a broad-spectrum insecticide. It controls caterpillars and larvae of moths and butterflies, as well as some beetles. Similarly, fipronil 0.6 %. GR @ 10 g / plant found equally superior in reducing the weevil population is a member of a new family of insecticides called phenyl pyrazoles which is effective against a broad range of insect pests of various crops, including cotton, rice, sugarcane, bananas, potatoes, maize, sugar beet and sunflower. It kills insects by contact and ingestion and also systemic in action, a potent blocker of the GABA (gamma-aminobutyric acid) regulated chloride channel, interfering with the central nervous system (CNS). The superiority might be its broad-spectrum activity, unique chemistry and mode of action, good soil and foliar persistence with systemic activity.

There is no published literature to compare the present findings as the present investigation is first of its kind to evaluate newer insecticide molecules in the form of granules through soil and basal application in banana ecosystem. However, the efficacy of chlorantraniliprole 0.4 % GR, fipronil 0.6 %. GR and clothianidin 50 % WDG against many lepidopteran insect pests in other fruit crops, weevil pests in other fruit and vegetable crops are well documented. The present results are in accordance with Way et al. (2012) who evaluated dinotefuran 3G after flooding for the management of rice water weevil in Texas. They applied the chemical by hand on selected plots immediately before and 10 and 14 days after flood. They could register significantly reduced weevil populations (91 %) and maximum yield levels compared to the control. Yamamoto et al. (2022) evaluated Commercial-grade dinotefuran formulation, “Wood-Star” when administered through trunk injection for the management of red-necked longhorn beetle larval infestation in Japanese flowering cherry trees, decreased active frass holes by 21.2 % in treated trees and increased by 78.9 % in untreated trees within 4 weeks after injection. Further, Kambrekar et al. (2017) reported from two years study that chlorantraniliprole (Ferterra 0.4% GR) @ 15 g/vine applied at the root zone of the grape plant is found effective and economical for the management of grape stem borer. The insecticide has ceased the activity of the insect even up to 60 days after application which is evident from the lesser amount of frass collected from the live holes and higher number of live holes turning in to dead holes. Their study concluded as the superiority of the chemical may be due to a new class of selective insecticide belongs to anthranilic diamide group, it is taken up through plant roots and moved systemically the plant tissues and growing points exhibiting better protection to plants. Findings of Apurva et al. (2021) who reported soil application of chlorantraniliprole 0.4 G @ 15.00 g/vine and fipronil 80 WG @ 15.00 g/vine recorded 73.33 % and 66.67 per cent reduction of C. scabrator live tunnels in grape ecosystem. Bokan et al. (2022) evaluated six insecticides against soybean girdle beetle, Obereopsis brevis and their results found that soil application of chlorantraniliprole 0.4 GR @ 40 g a.i./ ha, clothianidin 50 WDG @ 125 g a.i./ ha and fipronil 0.3 GR @ 50 g a.i./ ha were superior in reducing the incidence with higher yield levels. Mongyeh et al. (2015) evaluated different insecticides for the management banana rhizome weevil and the laboratory and field results revealed among the different chemicals Regent® - phenyl pyrazole with active ingredient fipronyl was proved to be very effective (100 % mortality) in the control of banana rhizome weevil. Nicholas et al. (1996) claimed application of 65-70 g ai/h of fipronil provides superior and long residual control of cotton boll weevil, Anthonomus grandis and they also stated, in addition to boll weevil other pests like Heliothis virescens, Spodoptera spp. and Alabamaargillacea could also be managed by this chemical. 

Further, clothianidin 50 % WDG @ 0.25 g/3l/plant as basal application proved superior in suppressing the pest population could not be compared for the want of literature, review suggest clothianidin is a novel neonicotinoid insecticide acting as an agonist of nicotinic acetylcholine receptor (nAChR). Clothianidin is highly active against coleopterous and lepidopterous pests, since it possesses excellent root systemic properties (Ohkawaraet al., 2002). Its broad-spectrum activity, potent activity at low dosage, long term control effect, excellent systemic action, wide variety of application methods and high crop safety are desirable characters. Clothianidin binds in high affinity to the insect nicotinic receptors (Tomizawa and Casida, 2005).Findings of Jason et.al. (2013) revealed that clothianidin 50 WDG as soil application provided 100 % control of larvae and adults of Japanese beetle, P. japonica in May, June and July which was an important quarantine pest of nurseries. Michael et al. (2009) evaluated different chemicals such as clothianidin, dinotefuran, and chlorantraniliprole were applied as soil drenching in field-grown nursery crops to manage black vine weevils, Otiorhynchussulcatus (Coleoptera: Curculionidae) and revealed significantly reduced the numbers of larvae and reduced feeding by adult black vine weevil compared to control plants. They concluded that these chemicals were efficient in preventing infestations of black vine weevil larvae and reducing infestation by the adults in ornamental plants.
Present findings are in line with Sunitha (2021) reported that soil application of chlorantraniliprole 0.4 % G @ 20.00 gm per vine as soil application was found superior in registering higher yield (172.23 kg/20 vines) with highest cost benefit ratio (1:2.83) followed by fipronil 85 % WG @ 20.00 gm/vine (177.70 kg/20 vines) with Highest cost benefit ratio(1:2.74). Apurvalaxmi et al. (2021) reported that soil application of chlorantraniliprole 0.4 G @ 15.00 g/vine recorded 73.33 per cent reduction of C. scabrator live tunnels in grape ecosystem with maximum yield (39.60 kg/5 vines) and C:B ratio (1:3.30). Kambrekar et al. (2017) reported from two years study that chlorantraniliprole (Ferterra 0.4 GR) @ 15 g/vine applied at the root zone of the grape plant was found effective and economical for the management of grape stem borer and recorded higher yield of 36.33 kg/vine.
Overall, the results indicate that dinotefuran 20% SG, chlorantraniliprole 0.4%, fipronil 0.6% GR, and clothianidin 50% WDG were not only effective but also economically viable options for banana growers.


Conclusion:
The overall study demonstrated that the treatment T1 stem injection of dinotefuran 20% SG at 30 g in 500 ml water (5 ml/plant)resulted in a significantly lower Damage Grade Index (DGI) compared to all other treatments. This was followed by the soil application of chlorantraniliprole 0.4% GR at 10 g/plant, fipronil 0.6% GR at 10 g/plant, and clothianidin 50% WDG at 0.25 g/plant as basal applications. Evaluation of insecticidal efficacy on various active life stages of the banana pseudostem weevil revealed that dinotefuran 20% SG stem injection significantly reduced the total number of active stages and was statistically on par with the soil application of chlorantraniliprole 0.4% GR at 10 g/plant. Yield and yield attributes such as bunch weight, number of hands per bunch, and overall yield were significantly higher in the dinotefuran stem injection treatment, followed by soil application of chlorantraniliprole, fipronil, and clothianidin. Cost–benefit analysis showed that dinotefuran 20% SG applied via stem injection was the most economical treatment, yielding the highest benefit–cost (B:C) ratio and net returns. This was followed by the soil application of chlorantraniliprole 0.4% GR, fipronil 0.6% GR, and clothianidin 50% WDG, respectively.
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