



Efficacy of different insecticides against leaf infestation of Spodoptera litura and Erionota thrax in Sugandhi Banana ecosystem
Abstract:
To study the efficacy of different insecticides against leaf infestation of Spodoptera litura and Erionotathraxin Banana ecosystemfield experiments were conducted from 2021 to 2022. The comprehensive pooled data of both applications across two years revealed that dinotefuran 20 % SG @ 30 g in 500 ml of water as stem injection proved the best treatment and it registered significantly the least per cent leaf infestation (2.85) which was statistically onpar with T3 chlorantraniliprole 0.4 % GR @ 10 g/plant (3.55) followed by T4 fipronil 0.6 % GR 10 g /pant(3.89) as soil application and T10 clothianidin 50 % WDG @ 0.25 of /plant (3.88) as basal application were found next best treatments in registering the least leaf infestation of E.thrax. The control plot recorded 12.07 mean per cent leaf infestation which was statistically and significantly higher than the aforementioned treatments. The overall pooled mean data of two years clearly confirmed that, dinotefuran 20 % SG as stem injection was found to be superior, followed by chlorantraniliprole 0.4 % GR, fipronil 0.6 % GR and clothianidin 50 %. WDG were next best treatments in registering the least mean leaf infestation (%) of E.thrax.
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INTRODUCTION:

Banana (Musa spp.) is a major fruit crop believed to have originated in the South-East Asian and Western Pacific regions [Ostmark, 1974]. Globally, approximately 470 species of insects and mites have been documented as pests of banana, with around 250 species feeding on the foliage [Robinson and Sauce, 2010]. These foliage-feeding pests reduce the plant's overall photosynthetic capacity by damaging the leaves. Although banana is generally not a preferred host for lepidopteran defoliators, the tobacco caterpillar, Spodoptera litura Fabricius (Lepidoptera: Noctuidae), is a notable exception. This pest commonly infests banana crops during the early stages of growth and is a polyphagous pest that damages a wide range of crops in India and several other countries (Shivayogeshwara et al., 1991). Commonly known as the tobacco cutworm, cluster caterpillar, or tobacco caterpillar, S. litura has increasingly become a significant pest of various crops, including banana (Musa paradisiaca L.). During the monsoon season, when banana plants are newly transplanted into the field, the pest primarily attacks the emerging leaves. Infestation results in holes and a generally unhealthy or "sick" appearance of the new foliage. 

The banana skipper, Erionotathrax L. (Lepidoptera: Hesperiidae), is a serious defoliator of banana plants in East Asian countries [Okolle et al, 2006]. In India, it has been reported only from the far northeastern states such as Manipur [Prasad and Singh (1987), Singh (1997)], the Andaman and Nicobar Islands [Veenakumari and Mohanraj (1991)], as well as from Coimbatore and Erode districts of Tamil Nadu, and Chamrajnagar district [Padmanaban (2014)] and Bangalore [Kamala Jayanthi et al, 2015] in Karnataka. Heavy infestations can damage entire banana leaves, leaving only the midrib intact. Such severe defoliation significantly reduces the plant’s photosynthetic efficiency, resulting in decreased bunch size and weight. However, both pests have recently become more problematic and are causing severe damage in the banana ecosystem of the UTP area in Vijayanagar district which is a major hub of banana plantation especially more of local varieties along with Elakki banana. In this contextdifferent chemicals were evaluated for their efficacy on reducing the leaf infestation (%) of S. litura and E. thraxduring 2021 and 2022 in an evaluation methodology of stem injection, soil and basal application (table 1). 

Methodology: Larvae of both E. thrax   and S. litura defoliating the leaves of banana plant. Larvae voraciously feed on leaves in both young and old plants. Since leaves are utilized by Indians for multipurpose uses and their major role in photosynthesis, there by desired for protecting banana leaves from damage.  In this background, an experiment trial was conducted in farmers fields at Tungabhadra command area of Hosapete, Vijayanagar district during 2021 and 2022 for two seasons as a curative measure by selecting BPW infested prone farmers fields.  Totally, there were twelve treatments comprising of different insecticides, standard check and untreated control and replicated thrice in RCBD design (table 1).  Uniformly infested plants were selected looking into the leaf area infestation and same plants were tagged with different coloured ribbons representing the treatments. All the treatments were imposed as curative measure twice at fortnightly interval of 7 to 8th month crop. The details of the treatments as follows.
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
	-
	-


Stem injection of insecticides to the pseudostem was done with the use of ordinary injection needle (size 1.2 x 38 mm/18x 1½) and 10 ml syringe at a height of 2 to 3 feet above the ground (2-3 cm deep) and care was taken to prevent needle reaches to core/pith of the pseudostem. The needle was inserted in to the stem gently in slanting position from the top in a raised wrist. Before injecting, the needle was pushed in and out for 2 to 3 times for easy penetration and to avoid clogging of the needle. Then syringe filled with 5ml of insecticide was injected slowly per plant. 

Soil application of granular insecticide was done by opening the shallow trench around the tagged plant. The basal application of insecticide solution was prepared by mixing required quantity of water to drench around the base of the plant at 3 lit/plant. The efficacy of treatments were assessed based on percent leaf area infestation done byS.litura and E.thraxof treated plant by using below mentioned formulae during a day before, 7th and 14th day after application of the treatments (Shailesh et al., 2014).

                Total number of infested leaves/ plants

Leaf infestation (%) = ----------------------------------------------------- x 100


         Total number leaves/ plant 

Yield and yield parameters such as bunch weight, total number of hands per bunch and total number of fingers per bunch were recorded at the time of harvest.

RESULTS AND DISCUSSION:

Efficacy different insecticides against leaf infestation (%) of S. litura during 2021


Different chemicals were evaluated for their efficacy on reducing the leaf infestation (%) of S.litura during 2021 and 2022 in an evaluation methodology of stem injection, soil and basal application and the data pertaining to this is presented in Tables from 2 to 4.
Table 2. Efficacy of insecticides against Spodoptera  litura leaf infestation during 2021

	Treatments
	Leaf infestation (%)
	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)
	5.25 (13.25)
	4.36 (12.05)a
	4.03 (11.59)a
	3.35 (10.55)a
	1.91 (7.94)a
	3.41 (10.65)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	5.36 (13.39)
	4.98 (12.89)a
	5.16 (13.13)b
	5.16 (13.13)bc
	5.04 (12.97)cd
	5.08 (13.03)c

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	5.28 (13.28)
	4.59 (12.37)a
	4.24 (11.88)ab
	3.58 (10.91)ab
	2.70 (9.46)ab
	3.78 (11.21)a

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	5.43 (13.48)
	4.68 (12.49)a
	4.48 (12.22)ab
	4.14 (11.74)abc
	3.38 (10.59)bc
	4.17 (11.78)ab

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	5.43 (13.47)
	5.11 (13.06)a
	5.33 (13.35)b
	5.33 (13.35)c
	5.61 (13.70)d
	5.34 (13.37)c

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	5.47 (13.52)
	5.10 (13.05)a
	5.33 (13.35)b
	5.30 (13.31)c
	5.58 (13.66)d
	5.33 (13.34)c

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	5.37 (13.40)
	5.12 (13.08)a
	5.30 (13.31)b
	5.35 (13.37)c
	5.54 (13.61)d
	5.33 (13.35)c

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	5.25 (13.24)
	4.76 (12.60)a
	5.28 (13.29)b
	5.30 (13.31)c
	5.78 (13.91)d
	5.28 (13.28)c

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	5.36 (13.38)
	5.08 (13.03)a
	5.32 (13.34)b
	5.33 (13.35)c
	5.72 (13.84)d
	5.36 (13.39)c

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	5.37 (13.40)
	4.66 (12.47)a
	4.47 (12.20)ab
	4.17 (11.78)abc
	3.34 (10.54)abc
	4.16 (11.77)ab

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	5.38 (13.41)
	5.13 (13.10)a
	5.33 (13.34)b
	5.38 (13.42)c
	5.73 (13.85)d
	5.39 (13.43)c

	T12
	Untreated control
	5.42 (13.46)
	9.15 (17.61)b
	9.60 (18.05)c
	13.00 (21.13)d
	15.55 (23.20)e
	11.83 (20.11)d

	S. Em ±
	
	0.52
	0.52
	0.84
	0.89
	0.60

	CD at 5%
	NS
	1.54
	1.52
	2.39
	2.63
	1.75


*Figures in parentheses are arc sine transformed values;   DBA-Days before application,   DAA- Days after application
First application:  The data on per cent leaf infestation by S.litura during 2021 is presented in Table 2. Observation on per cent leaf infestation caused by S.litura showed non-significant among the various treatments a day before first application. 

The leaf infestation (%) due to S. litura larva seven days after first application revealed a non-significant difference between T1 to T11 treatments and it was varied from 4.36 to 5.13. The data after fourteen days after first application revealed significantly lowest leaf infestation (%) was registered in dinotefuran 20 % SG @ 5 ml per plant (4.03) as stem injection which was statistically onpar with chlorantraniliprole 0.4 % GR @ 10 g/plant (4.24), fipronil 0.6 % GR @ 10 g/plant (4.48) and clothianidin 50 % WDG @ 0.25 g/plant (4.47). The control plot was found significantly inferior in registering maximum per cent leaf infestation (9.60) (Table 2).

Second application: The leaf infestation (%) by S.litura larva at seven days after second application showed significant variation among the treatments. Lowest leaf infestation (%) was observed in plot treated with dinotefuran 20 % SG @ 5 ml per plant (3.35) which was statistically onpar with chlorantraniliprole 0.4 % GR @ 10 g/plant (3.58), fipronil 0.6 % GR @ 10 g/plant (4.14) and clothianidin 50 % WDG @ 0.25 g/plant (4.17). While the highest leaf infestation (%) was recorded in control. The data after fourteen days after first application indicated significantly lowest leaf infestation (%) was recorded in dinotefuran 20 % SG @ 5 ml per plant (1.91) which was statistically on par with chlorantraniliprole 0.4 % GR @ 10 g/plant (2.70) and clothianidin 50 % WDG @ 0.25 g/plant (3.34) followed by next best treatment was fipronil 0.6 % GR @ 10 g/plant (3.38). The maximum leaf infestation (15.55) was recorded in control plot (Table 2).
The comprehensive mean data of both the applications during 2021 suggested significantly the least leaf infestation (%) was noted in plot treated with treatment dinotefuran 20 % SG @ 30 g in 500 ml water (3.41) as stem injection which was on par with chlorantraniliprole 0.4 % GR @ 10 g/plant (3.78) and are statistically onpar with next best effective insecticides viz., fipronil 0.6 % GR 10 g /pant and clothianidin 50 % WDG @ 0.25 g/plant recorded a mean of 4.17 and 4.16 per cent leaf infestation. The control plot recorded mean per cent leaf infestation of 11.83 which was statistically and significantly higher than the above insecticide treatments (Table 2).
Efficacy different insecticides against leaf infestation (%) of S. litura during 2022
The same experiment was conducted during 2022 and the data is presented in          Table 3.
Table 3. Efficacy of different insecticides against Spodoptera  litura leaf infestation during 2022

	Treatments
	Leaf infestation (%)
	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)
	5.42 (13.47)
	4.21 (11.84)a
	3.40 (10.62)a
	2.72 (9.49)a
	1.14 (6.14)a
	2.87 (9.75)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	5.44 (13.49)
	4.96 (12.86)a
	5.20 (13.18)bc
	4.70 (12.53)bc
	4.98 (12.89)c
	4.96 (12.87)b

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	5.63 (13.73)
	4.31 (11.97)a
	3.47 (10.74)a
	3.13 (10.20)a
	2.18 (8.49)b
	3.28 (10.42)a

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	5.70 (13.81)
	4.49 (12.23)a
	3.76 (11.18)ab
	3.66 (11.02)ab
	2.58 (9.25)b
	3.62 (10.97)a

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	5.60 (13.68)
	5.11 (13.06)a
	5.35 (13.38)bc
	4.63 (12.43)bc
	5.04 (12.97)c
	5.04 (12.97)b

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	5.44 (13.49)
	5.09 (13.04)a
	5.50 (13.57)c
	5.12 (13.07)c
	5.05 (12.98)c
	5.19 (13.17)b

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	5.60 (13.69)
	5.10 (13.05)a
	5.40 (13.44)bc
	5.26 (13.26)c
	5.58 (13.66)c
	5.33 (13.35)b

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	5.67 (13.77)
	5.13 (13.09)a
	5.41 (13.45)bc
	4.68 (12.50)bc
	5.58 (13.66)c
	5.20 (13.18)b

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	5.63 (13.73)
	4.96 (12.87)a
	5.36 (13.38)c
	5.07 (13.01)c
	5.82 (13.96)c
	5.30 (13.31)b

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	5.62 (13.72)
	4.41 (12.12)a
	3.73 (11.14)ab
	3.65 (11.01)ab
	2.67 (9.40)b
	3.61 (10.96)a

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	5.69 (13.81)
	5.04 (12.97)a
	5.51 (13.58)c
	5.28 (13.28)c
	5.55 (13.63)c
	5.35 (13.37)b

	T12
	Untreated control
	5.65 (13.74)
	7.87 (16.28)b
	9.40 (17.85)d
	11.40 (19.72)d
	13.88 (21.83)d
	10.64 (19.02)c

	S. Em ±
	
	0.57
	0.81
	0.52
	0.63
	0.52

	CD at 5%
	NS
	1.68
	2.38
	1.54
	1.86
	1.54


*Figures in parentheses are arc sine transformed values, DBA-Days before application, DAA- Days after application
First Application: The observed data on per cent leaf infestation per plant a day before first application showed non significant variation among the treatments.The data on leaf infestation (%) caused by to S.litura larva after seven days of first application showed similar non-significant treand between T1 to T11 treatments and it was varied from 4.21 to 5.13, however control plot registered higher leaf infestation (7.87) .After fourteen days after first application the per cent leaf infestation (%) was significantly least in dinotefuran 20 % SG @ 5 ml per plant (3.40) and chlorantraniliprole 0.4 % GR @ 10 g/plant (3.47) proved superiority over other treatments and are statistically onpar with fipronil 0.6 % GR @ 10 g/plant (3.76) and clothianidin 50 % WDG @ 0.25 g/plant (3.73). The next best treatment was flonicamid 50 % WG as stem injection and basal application recorded 5.20 and 5.35 mean leaf infestation (Table 3).
Second Application: The results of seven days after second application, illustrated significantly the least leaf infestation (%) was registered in dinotefuran 20 % SG @ 5 ml per plant (2.72) as stem injection which was statistically on par with chlorantraniliprole 0.4 % GR @ 10 g/plant (3.13) followed by fipronil 0.6 % GR @ 10 g/plant (3.66) and clothianidin 50 % WDG @ 0.25 g/plant (3.65). the next best treatments were flonicamid 50 % WG as stem injection (4.70) and basal application (4.63) and triazophos 40 % EC (4.68) as stem injection. The highest leaf infestation (%) was recorded in control (11.40). After fourteen days after second application the per cent leaf infestation (%) was significantly less in plot treated with dinotefuran 20 % SG @ 5 ml per plant (1.14) as stem injection followed by chlorantraniliprole 0.4 % GR @ 10 g/plant (2.18), fipronil 0.6 % GR @ 10 g/plant (2.58) and clothianidin 50 % WDG @ 0.25 g/plant (2.67) and are next best treatments followed by flonicamid 50 % WG registered 4.98 mean leaf infestation (%). The control plot documented significantly maximum (13.88) leaf infestation (Table 3).

The pooled mean data of both the applications showed that  among the treatments evaluated, T1 dinotefuran 20 % SG @ 30 g in 500 ml of water as stem injection, T3 chlorantraniliprole 0.4 % GR @ 10 g/plant as soil application, T4 fipronil 0.6 % GR 10 g /pant as soil application, T10 clothianidin 50 % WDG @ 0.25 of /plant were recorded a mean of 2.87, 3.28, 3.62 and 3.61 per cent leaf infestation, respectively proved promising in reducing the infestation of S. lituracompared to all other treatments. There were significant differences among the treatments and between the treated and the control plots recorded a higher mean per cent leaf infestation of 10.64 (Table 3).

Pooled efficacy of different insecticides against leaf infestation (%) of S.litura
The two years data on efficacy of different insecticides against S.litura leaf infestation was pooled and subjected to ANOVA analysis. The data pooled analysis is presented in  Table 4.
Table 4. Pooled data on efficacy of different insecticides against Spodoptera litura leaf infestation during 2021 and 2022

	Treatments
	Leaf infestation (%)
	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)
	5.34 (13.36)
	4.28 (11.95)a
	3.72 (11.11)a
	3.04 (10.04)a
	1.53 (7.10)a
	3.14 (10.21)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	5.40 (13.44)
	4.97 (12.88)a
	5.18 (13.15)bc
	4.93 (12.83)b
	5.01 (12.93)c
	5.02 (12.95)bc

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	5.46 (13.51)
	4.45 (12.17)a
	3.86 (11.33)ab
	3.36 (10.56)a
	2.44 (8.99)ab
	3.53 (10.82)ab

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	5.56 (13.64)
	4.58 (12.36)a
	4.12 (11.71)abc
	3.90 (11.39)ab
	2.98 (9.94)b
	3.90 (11.38)abc

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	5.51 (13.58)
	5.11 (13.06)a
	5.34 (13.36)c
	4.98 (12.90)b
	5.32 (13.34)c
	5.19 (13.17)c

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	5.46 (13.51)
	5.10 (13.04)a
	5.42 (13.46)c
	5.21 (13.19)b
	5.31 (13.33)c
	5.26 (13.26)c

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	5.49 (13.55)
	5.11 (13.06)a
	5.35 (13.37)c
	5.31 (13.32)b
	5.56 (13.64)c
	5.33 (13.35)c

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	5.46 (13.51)
	4.95 (12.85)a
	5.35 (13.37)c
	4.99 (12.91)b
	5.68 (13.78)c
	5.24 (13.21)c

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	5.49 (13.56)
	5.02 (12.95)a
	5.34 (13.36)c
	5.20 (13.18)b
	5.77 (13.90)c
	5.33 (13.35)c

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	5.50 (13.56)
	4.53 (12.29)a
	4.10 (11.68)abc
	3.91 (11.40)ab
	3.01 (9.99)b
	3.89 (11.37)abc

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	5.54 (13.61)
	5.09 (13.03)a
	5.42 (13.46)c
	5.33 (13.35)b
	5.64 (13.74)c
	5.37 (13.40)c

	T12
	Untreated control
	5.53 (13.60)
	8.51 (16.96)b
	9.50 (17.95)d
	12.20 (20.44)c
	14.72 (22.53)d
	11.23 (19.58)d

	S. Em ±
	
	0.45
	0.63
	0.67
	0.73
	0.72

	CD at 5%
	NS
	1.33
	1.86
	1.96
	2.15
	2.13


*Figures in parentheses are arc sine transformed values, DBA-Days before application,   DAA- Days after application

First application: Among the treatments evaluated, the leaf infestation seven days after first application showed non significant results between the treatments excluding untreated control (Table 4). The data noted after fourteen days after first application revealed significantly least leaf damage (%) in dinotefuran 20 % SG @ 5 ml per plant (3.72) which was statistically on par with chlorantraniliprole 0.4 % GR @ 10 g/plant (3.86), fipronil 0.6 % GR @ 10 g/plant (4.12) and clothianidin 50 % WDG @ 0.25 g/plant (4.10) in evaluation pattern of soil and basal application followed by next best treatment was flonicamid 50 % WG (5.18) as stem injection.
 Second Application: The results documented after seven days after second application indicated significantly the least leaf infestation (%) that was recorded in dinotefuran 20 % SG @ 5 ml per plant (3.04) which was statistically on par with chlorantraniliprole 0.4 % GR @ 10 g/plant (3.36) followed by fipronil 0.6 % GR @ 10 g/plant (3.90) and clothianidin 50 % WDG @ 0.25 g/plant (3.91). The next best treatment was flonicamid 50 % WG as stem injection and basal application recorded 4.93 and 4.98 mean leaf infestation. Control plot registered maximum leaf infestation (12.20) which was statistically and significantly higher than the treated plots (Table 4). 
The data after fourteen days after second application showed significantly less leaf infestation was registered in plot treated with dinotefuran 20 % SG @ 5 ml per plant (1.53) which was statistically on par with chlorantraniliprole 0.4 % GR @ 10 g/plant (2.44) followed by next best treatment were fipronil 0.6 % GR @ 10 g/plant (2.98) and clothianidin 50 % WDG @ 0.25 g/plant (3.01) rest all other treatments excluding control plot registered non significant results (Table 4).

Overall, pooled mean data of both the applications showed that T1 -dinotefuran 20 % SG @ 30 g in 500 ml of water recorded significantly least (3.14) mean per cent leaf infestation proved best among all the treatments as stem injection which was followed by T3   - chlorantraniliprole 0.4 % GR @ 10 g/pl as soil application, T4 -fipronil 0.6 % GR 10 g /pl as soil application and T10 -clothianidin 50 % WDG @ 0.25 g /3l/pl as basal application recorded 3.53, 3.90 and 3.89 mean per cent leaf infestation confirmed the next best treatments and on par with T1. There were significant differences among the treatments and control plot recorded 11.23 per cent mean leaf infestation (Table 4).
Efficacy of insecticides as stem injection, soil and basal application against E. thrax leaf infestation (%) during 2021 
The efficacy of different insecticides as stem injection and basal application against mean per cent leaf infestation of E.thrax during 2021 is presented in Table 5.
Table 5. Efficacy of different insecticides against Erionata  thrax  leaf infestation during 2021

	Treatments
	Leaf infestation (%)
	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)
	5.84 (13.98)
	4.67 (12.48)a
	3.18 (10.26)a
	2.05 (8.23)a
	1.16  (6.17)a
	2.76 (9.57)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	5.76 (13.89)
	5.07 (13.01)a
	5.44 (13.49)bc
	4.95 (12.85)c
	5.15 (13.11)c
	5.15 (13.12)c

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	5.87 (14.02)
	4.78 (12.62)a
	4.14 (11.74)ab
	3.19 (10.29)ab
	1.84 (7.80)ab
	3.49 (10.76)ab

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	5.78 (13.91)
	5.09 (13.03)a
	4.44 (12.17)abc
	3.48 (10.76)b
	2.38 (8.87)b
	3.85 (11.31)b

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	5.93 (14.10)
	5.55 (13.63)a
	5.67 (13.77)bc
	5.31 (13.32)c
	5.40 (13.43)c
	5.48 (13.54)c

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	5.66 (13.76)
	5.09 (13.04)a
	5.50 (13.56)bc
	5.22 (13.20)c
	5.54 (13.61)c
	5.34 (13.36)c

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	6.01 (14.20)
	5.97 (14.14)a
	5.80 (13.93)c
	5.68 (13.79)c
	5.58 (13.66)c
	5.76 (13.88)c

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	5.78 (13.91)
	5.29 (13.29)a
	5.56 (13.63)bc
	5.20 (13.18)c
	5.30 (13.31)c
	5.34 (13.35)c

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	6.02 (14.21)
	5.36 (13.38)a
	5.61 (13.70)bc
	5.47 (13.52)c
	5.59 (13.68)c
	5.51 (13.57)c

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	5.85 (13.99)
	5.07 (13.01)a
	4.47 (12.20)abc
	3.44 (10.69)b
	2.36 (8.83)b
	3.83 (11.29)b

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	5.82 (13.96)
	5.37 (13.40)a
	5.57 (13.65)bc
	5.58 (13.66)c
	5.65 (13.75)c
	5.54 (13.61)c

	T12
	Untreated control
	6.00 (14.17)
	9.91 (18.33)b
	11.64 (19.95)d
	12.94 (21.08)d
	13.38 (21.46)d
	11.97 (20.24)d

	S. Em ±
	
	0.56
	0.70
	0.69
	0.63
	0.51

	CD at 5%
	NS
	1.66
	2.05
	2.04
	1.86
	1.51


*Figures in parentheses are arc sine transformed values, DBA-Days before application,   DAA- Days after application

First application :Among the treatments there was non significant differences in infestation (%) a day before application. The data on seven days after first application showed non significant differences in leaf infestation (%). T1 to T11 treatments it varied from 4.67 to 5.97 per cent leaf infestation by E.thrax. The per cent leaf infestation per plant at fourteen days after first application showed significantly the lowest leaf infestation (%) was recorded in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (3.18) which was statistically onpar with chlorantraniliprole 0.4 % GR @ 10 g / pl (4.14) followed by fipronil 0.6 % GR @ 10 g / pl (4.44) and clothianidin 50 % WDG @ 0.25 g /3l/plant (4.47), respectively. The next best treatment was flonicamid 50 % WG as stem injection and basal application recorded 5.44 and 5.67 mean leaf infestation. Control plot registered maximum leaf infestation (11.64) which was statistically and significantly higher than the treated plots (Table 5). 
Second application: The data on seven days after second application revealed significantly the least leaf infestation (%) was registered in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (2.05), which was on par with chlorantraniliprole 0.4 % GR @ 10 g / plant (3.19) followed by fipronil 0.6 % GR @ 10 g / plant (3.48) and clothianidin 50 % WDG @ 0.25 g /plant (3.44) and were statistically on par in registering the leaf infestation. The remaining treatments were significantly inferior in registering maximum per cent leaf infestation (Table 5).
Likewise, the data documented during fourteen days after second application revealed significantly the least per cent leaf infestation which was recorded in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (1.16) as stem injection and it was on par with chlorantraniliprole 0.4 % GR @ 10 g / plant (1.84), followed by next best treatment were Fipronil 0.6 % GR @ 10 g / plant (2.38) and clothianidin 50 % WDG @ 0.25 g /plant (2.36), respectively. The mean data of both applications during 2021 suggested that Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) recorded significantly least mean leaf infestation of 2.76 as stem injection, which was followed by chlorantraniliprole 0.4 % GR @ 10 g/plant registered a mean of 3.49 which was on par with T1 treatment. In addition, other next best treatments were, T4 fipronil 0.6 % GR 10 g /plant and T10 clothianidin 50 %. WDG @ 0.25 g /plant documented a mean of 3.85 and 3.83, mean leaf infestation (%), respectively, proved next best treatments. The control plot registered a mean leaf infestation of 11.97 which was statistically and significantly higher than the above-mentioned insecticide treatments (Table 6).

Efficacy of insecticides as stem injection, soil and basal application againstE.thrax leafinfestation (%) during 2022

 The Similar experiment was continued during 2022 and the relevant data is presented in Table 6.
Table 6. Efficacy of different insecticides against Erionata  thrax  leaf infestation during 2022

	Treatments
	Leaf infestation (%)
	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)
	5.71 (13.82)
	4.87 (12.74)a
	3.26 (10.39)a
	2.36 (8.84)a
	1.22 (6.33)a
	2.93 (9.85)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	5.76 (13.89)
	5.20 (13.18)a
	5.34 (13.37)bcd
	4.67 (12.49)bc
	4.88 (12.76)c
	5.02 (12.95)bc

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	5.84 (13.98)
	5.45 (13.50)a
	3.98 (11.50)a
	3.21 (10.32)ab
	1.78 (7.66)ab
	3.60 (10.94)a

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	5.64 (13.73)
	5.59 (13.67)a
	4.33 (12.01)abc
	3.47 (10.75)ab
	2.34 (8.80)b
	3.93 (11.44)ab

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	5.62 (13.72)
	5.55 (13.63)a
	5.73 (13.85)cd
	5.31 (13.32)c
	5.40 (13.43)cd
	5.50 (13.56)c

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	5.58 (13.66)
	5.25 (13.24)a
	5.28 (13.29)bcd
	5.52 (13.59)c
	5.69 (13.80)cd
	5.43 (13.48)c

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	5.85 (14.00)
	5.66 (13.76)a
	5.88 (14.03)d
	6.60 (14.89)c
	6.16 (14.36)cd
	6.07 (14.27)c

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	5.84 (13.99)
	5.29 (13.29)a
	5.69 (13.81)cd
	5.29 (13.30)c
	5.11 (13.06)cd
	5.35 (13.37)bc

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	5.73 (13.85)
	5.36 (13.38)a
	5.69 (13.81)cd
	5.47 (13.53)c
	6.06 (14.25)cd
	5.65 (13.75)c

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	5.82 (13.96)
	5.57 (13.66)a
	4.27 (11.92)ab
	3.44 (10.68)ab
	2.40 (8.91)b
	3.92 (11.42)ab

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	5.68 (13.78)
	5.67 (13.75)a
	5.64 (13.74)bcd
	5.58 (13.66)c
	6.64 (14.94)d
	5.88 (14.03)c

	T12
	Untreated control
	5.83 (13.97)
	10.02 (18.44)b
	11.49 (19.81)e
	12.94 (21.08)d
	14.26 (22.19)e
	12.18 (20.42)d

	S.Em ±
	
	0.61
	0.64
	0.84
	0.70
	0.62

	CD at  5%
	NS
	1.81
	1.87
	2.46
	2.07
	1.83


*Figures in parentheses are arc sine transformed values, DBA-Days before application,   DAA- Days after application
First application: There was a non significant difference recorded between the treatments a day before application.Among the treatments evaluated the leaf infestation (%) seven days after first application showed non significant differences between the treatments from T1 to T11 and it varied from 4.87 to 5.67 mean per cent leaf infestation.The data obtained after fourteen days after first application suggested significantly the least per cent infestation was documented in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (3.26) which was statistically on par with chlorantraniliprole 0.4 % GR @ 10 g/plant (3.98) followed by fipronil 0.6 % GR @ 10 g/plant (4.33) and clothianidin 50 % WDG @ 0.25 g/3l/plant (4.27) were next best treatments followed by chlorophyriphos 20 % EC (5.28), flonicamid 50 % WDG (5.34) and carbofuran 0.3 % G (5.64), respectively (Table 6).
Second application: The mean leaf infestation (%) of E.thrax after seven days after second application revealed significantly the least leaf infestation (%) was noted in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (2.36) proved statistically superior over rest all other treatments followed by chlorantraniliprole 0.4 % GR @ 10 g/plant (3.21), fipronil 0.6 % GR @ 10 g/plant (3.47) and clothianidin 50 % WDG @ 0.25 g/3l/plant (3.44) were found to be the next best followed by flonicamid 50 % WDG (4.67) as stem injection. The observed data on fourteen days after second application against per cent leaf infestation of E.thrax showed significantly the lowest per cent leaf infestation was noted in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (1.22) as stem injection, which was statically on par with chlorantraniliprole 0.4 % GR @ 10 g/plant (1.78) as soil application followed by next best treatments were fipronil 0.6 % GR @ 10 g/plant (2.34) and clothianidin 50 % WDG @ 0.25 g/3l/plant (2.40), respectively. The remaining treatments were significantly inferior in registering maximum per cent leaf infestation. The mean data of both the applications during 2022 revealed significantly lowest mean leaf infestation (%) was noted in plot received treatment Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) @ 5 ml per plant (2.93) as stem injection which was statistically on par with chlorantraniliprole 0.4 % GR @ 10 g/plant (3.60) as soil application followed by fipronil 0.6 % GR 10 g /pant (3.93) and clothianidin 50 %. WDG @ 0.25 g/3l/plant (3.92) proved the next best treatment. The Control plot recorded significantly higher mean per cent leaf infestation of 12.18 (Table 6).
Pooled efficacy of different insecticides against leaf infestation (%) of E. thrax

The two years data on efficacy of insecticides against E. thrax leaf infestation was pooled and subjected to ANOVA analysis and the data is presented in Table 7.
Table 7. Pooled data on efficacy of different insecticides against Erionata  thrax  leaf infestation during 2021 and 2022

	Treatments
	Leaf infestation (%)
	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)
	5.77 (13.90)
	4.77 (12.61)a
	3.22 (10.33)a
	2.21 (8.54)a
	1.19 (6.25)a
	2.85 (9.71)a

	T2
	Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water)
	5.76 (13.89)
	5.14 (13.10)a
	5.39 (13.43)bc
	4.81 (12.67)c
	5.01 (12.94)c
	5.09 (13.04)c

	T3
	Chlorantraniliprole 0.4% GR soil application @ 10 g/pl 
	5.85 (14.00)
	5.11 (13.07)a
	4.06 (11.62)ab
	3.20 (10.30)b
	1.81 (7.73)ab
	3.55 (10.85)ab

	T4
	Fipronil 0.6% GR soil application @ 10 g/pl
	5.71 (13.82)
	5.34 (13.36)a
	4.39 (12.09)abc
	3.48 (10.75)b
	2.36 (8.84)b
	3.89 (11.38)b

	T5
	Flonicamid 50% WG basal application @ 1g/3l/pl
	5.78 (13.91)
	5.55 (13.63)a
	5.70 (13.81)c
	5.31 (13.32)cd
	5.40 (13.43)c
	5.49 (13.55)c

	T6
	Chlorpyriphos 20% EC basal application @ 7.5 ml/31/pl
	5.62 (13.71)
	5.17 (13.14)a
	5.39 (13.42)bc
	5.37 (13.40)cd
	5.61 (13.70)c
	5.39 (13.42)c

	T7
	Imidacloprid 17.8% SL basal application @ 0.75 ml/3l/pl 
	5.93 (14.10)
	5.82 (13.95)a
	5.84 (13.98)c
	6.14 (14.35)d
	5.87 (14.02)c
	5.92 (14.07)c

	T8
	Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water)
	5.81 (13.95)
	5.29 (13.29)a
	5.63 (13.72)c
	5.25 (13.24)cd
	5.20 (13.19)c
	5.34 (13.36)c

	T9
	Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl 
	5.88 (14.03)
	5.36 (13.38)a
	5.65 (13.75)c
	5.47 (13.52)cd
	5.83 (13.97)c
	5.58 (13.66)c

	T10
	Clothianidin 50% WDG basal application @ 0.25 g/3l /pl 
	5.83 (13.98)
	5.32 (13.33)a
	4.37 (12.06)abc
	3.44 (10.69)b
	2.38 (8.87)b
	3.88 (11.35)b

	T11
	Carbofuran 0.3% G soil application @ 10 g/ pl 
	5.75 (13.87)
	5.52 (13.58)a
	5.61 (13.69)c
	5.58 (13.66)cd
	6.15 (14.35)c
	5.71 (13.83)c

	T12
	Untreated control
	5.91 (14.07)
	9.97 (18.39)b
	11.56 (19.88)d
	12.94 (21.08)e
	13.82 (21.83)d
	12.07 (20.33)d

	S. Em ±
	
	0.52
	0.67
	0.54
	0.50
	0.49

	CD  at 5%
	NS
	1.53
	1.96
	1.58
	1.48
	1.45


*Figures in parentheses are arc sine transformed values, DBA-Days before application,   DAA- Days after application
First application: Pooled two years data observed at seven days after first application illustrated a similar non significant trend recorded previous years as it was varied from 4.77 to 5.82 per cent leaf infestation from T1 to T11 treatments, whereas control plot registered higher (9.97) leaf infestation (Table 7).
The data on mean per cent leaf infestation at fourteen days after first application indicated significantly least leaf infestation (%) was registered in plot treated with Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (3.22) which was statistically on par with chlorantraniliprole 0.4 % GR @ 10 g/plant (4.06), fipronil 0.6 % GR @ 10 g/plant (4.39) and clothianidin 50 % WDG @ 0.25 g/3l/plant (4.37) were next best treatments followed by flonicamid 50 % WDG (5.39) and chloropyriphos 20 % EC (5.39) as stem injection and basal application methods (Table 7).

Second application: The observed data during seven days after second application revealed significant variations among the treatments where in the least leaf infestation (%) was recorded in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (2.21) exhibited superiority over other treatments, which was followed by chlorantraniliprole 0.4 % GR @ 10 g/plant (3.20), fipronil 0.6 % GR @ 10 g/plant (3.48) and clothianidin 50 % WDG @ 0.25 g/3l/plant (3.44), respectively were the next best treatments followed by flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (4.81) which was statistically on par with chloropyriphos 20 % EC (5.37), Flonicamid 50% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (5.31), Triazophos 40% EC stem injection @ 5 ml/pl (150 ml/350 ml water) (5.25) and Azadirachtin 10000 ppm basal application @ 3 ml/3l/pl (5.47), respectively in an evaluation pattern of stem injection, soil and basal application methods (Table 7).
Likewise, the data documented fourteen days after second application suggested significantly lowest per cent leaf infestation was observed in Dinotefuran 20% SG stem injection @ 5 ml/pl (30g/ 500 ml water) (1.19) which was statistically on par with chlorantraniliprole 0.4 % GR @ 10 g/plant (1.81) followed by next best treatments were fipronil 0.6 % GR @ 10 g/plant (2.36) and clothianidin 50 % WDG @ 0.25 g/3l/plant (2.38), respectively. The control plot recorded statistically and significantly higher leaf infestation (13.82) (Table 7).

The comprehensive pooled data of both applications across two years revealed that dinotefuran 20 % SG @ 30 g in 500 ml of water as stem injection proved the best treatment and it registered significantly the least per cent leaf infestation (2.85) which was statistically onpar with T3 chlorantraniliprole 0.4 % GR @ 10 g/plant (3.55) followed by T4 fipronil 0.6 % GR 10 g /pant(3.89) as soil application and T10 clothianidin 50 % WDG @ 0.25 of /plant (3.88) as basal application were found next best treatments in registering the least leaf infestation of E.thrax. The control plot recorded 12.07 mean per cent leaf infestation which was statistically and significantly higher than the aforementioned treatments.

The overall pooled mean data of two years clearly confirmed that, dinotefuran 20 % SG as stem injection was found to be superior, followed by chlorantraniliprole 0.4 % GR, fipronil 0.6 % GR and clothianidin 50 %. WDG were next best treatments in registering the least mean leaf infestation (%) of E. thrax.

In the present investigation the positive effect of aforesaid chemicals on reduced per cent leaf infestation of S. litura and E. thrax might be attributed to the mode of action of these chemicals. However, these new generation insecticide molecules exhibiting higher efficacy in chewing and biting insects of both lepidopteron and coleopterans due to their broad spectrum and higher insecticidal activity with novel mode of action. Further, these new molecules having more selective property than conventional insecticides and are safer and suitable in IPM and IRM as insects develops resistance due to limited number of target sites utilized by conventional insecticides.


The published literature on the efficacy of these newer chemicals against lepidopterans in banana ecosystem was not found. However, the present investigations are more or less in agreement with Munj et al. (2022) who reported that spraying of chlorantraniliprole 18.5 SC @ 0.005 per cent proved to be most effective treatment which registered least (74.33 %) larval population of banana skipper, Erionota torus. Duraimurugan and Lakshminarayana (2014) reported in their field experiment as chlorantraniliprole @ 30 g a.i./haproved to be very effective in suppressing the larval population of semilooper and tobacco caterpillar in castor crop. Harikesh Singh and Wajid Hasan (2017) conducted field experiment and documented that fipronil 5 % SC alone and in combination with Chlorpyrifos 50 % EC proved superior in reducing the infestation (%) of yellow stem borer and                         leaf folder in rice crop. Bhagat et al. (2022) reported from their field experiment study that, chlorantraniliprole 0.4 % GR was proved to be effective treatment with lower per cent of dead heart and white earhead (2.19 and 2.59 %, respectively) caused by rice yellow stem borer followed by fipronil 0.3 % GR + chlorantraniliprole 0.4 GR (2.22 and 2.97 %, respectively) and thiamethoxam 25 % WG + chlorantraniliprole 0.4 GR (2.98 and 3.63 %, respectively).Despite the label's claim that there are no available insecticides for this pest, Spinosad 45 SC (5.5 ml /10 lit. water), Cytraniliprole 10.20 OD (5.5 ml /10 lit. water), and Chlorantraniliprole 18.50 SC (5.5 ml /10 lit. water) can all be used for banana skipper management (Sharanbasappa, 2017). 
Conclusion: Overall, pooled mean data of both  years and both the applications showed that T1 -dinotefuran 20 % SG @ 30 g in 500 ml of water recorded significantly least mean per cent leaf infestation  of S. litura  and E.thrax proved best among all the treatments as stem injection which was followed by T3   - chlorantraniliprole 0.4 % GR @ 10 g/pl as soil application, T4 -fipronil 0.6 % GR 10 g /pl as soil application and T10 -clothianidin 50 % WDG @ 0.25 g /3l/pl as basal application recorded  least mean per cent leaf infestation confirmed the next best treatments and on par with T1.
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