



Efficacy of bioagents and botanicals against management of tobacco caterpillar, Spodoptera litura and leafroller, Erionota thrax  in Sugandhi banana ecosystem
ABSTRACT:
To study the Efficacy of bioagents and botanicals against management of tobacco caterpillar, Spodoptera litura and leafroller, Erionotathrax  in banana ecosystem field experiments were conducted from 2021 to 2022. The comprehensive pooled data of both applications revealed that significantly least percent leaf infestation per plant was documented in T4 -B. bassiana UHSB-END1@ 10 g per plant as soil application during 5th, 6th, 7th  and 8th months intervals  which was statistically on par with T3 -B. bassiana UHSB-END1@ 10 g per plant as soil application during 5th  and 6th month  followed by T2- neem cake @ 250 kg per ha as soil application during 5th, 6th, 7th  and 8th months application  and T6 -carbofuron 3 % G @ 10 g per plant as a soil application during 5th& 6th month .The control plot recorded higher mean per cent leaf infestation. These results consistently suggest that T4 was the most effective treatment followed by T3 and T2 in reducing the per cent leaf infestation and that are ecofriendly, economical and practicable. The above-mentioned treatments have cumulative effect in the leaf damage by E. thrax and S.litura larvae and these tools can also be used as a prophylactive measure against the defoliator pest.
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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, around 470 species of insects and mites have been recorded as pests of banana, among around 250 insect species are foliage feeders (Robinson and Sauce, 2010). These leaf defoliatorsdrastically affects the plants photosynthetic capacity. Eventhough, banana is generally not a preferred host for lepidopteran defoliators, the tobacco caterpillar, Spodoptera litura Fabricius (Lepidoptera: Noctuidae), is an exceptional pest. This pest commonly infests banana crops during the early vegetative stages of growth and whichis a polyphagous pest having many alternative hosts recorded in India and many other countries (Shivayogeshwara et al., 1991). this pest commonly known as the tobacco cutworm, cluster caterpillar or tobacco caterpillar in recent days causing a significant pest of various crops, including banana (Musa paradisiaca L.).. Infestation causing bite holes and a generally unhealthy or "sick" appearance of the new foliage and finally defoliation of the plant.
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 that to local varieties along with Elakki banana.Continuous use of chemical insecticides often leads to resistance in pests, particularly Spodoptera. In contrast, the use of bioagents and botanicals helps delay the buildup of resistance and enhances the overall effectiveness of Integrated Pest Management (IPM) strategies. These alternatives are both cost-effective and farmer-friendly. Once introduced or conserved, bioagents can offer long-term pest suppression with minimal recurring costs. They are also compatible with IPM, helping to maintain ecological balance by preserving beneficial insects and preventing pesticide-induced resistance. Moreover, bioagents and botanicals (parasitoids, predators, and entomopathogens and botanicals) which are plant-derived pesticides, are biodegradable and environmentally safe, making them a sustainable option for pest control. The present investigation was carried out to assess the efficacy of different botanicals and bioagents in managing these pests in a prophylactic manner during 2021 and 2022 for two seasons.
METHODOLOGY: 

Larvae of both E.thrax and Spodopteralitura 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, non-chemical tools are desired for protecting banana leaves from damage. So, five non-chemical formulations including split pseudostem trap and one chemical formulation were evaluated with control. Field experiment was conducted in pestprone farmers field in 3rd and 4th ratoon crop for two seasons during 2021 and 2022 at Upper Tunga Project area of Vijayanagar district. Banana field of five months old var, Sugandhi (cul.AAB) planted at 2.1m X 2.1m spacing and by adopting all agronomic practices uniformly. The experiment composed of 7 treatments replicated thrice in randomized block design with 15 plants at each replication. Plants were tagged with different coloured ribbons to differentiate the treatments. All the treatments were imposed as prophylactic measure at 5th and 6th month and 5th , 6th , 7th  and 8th months interval. Soil application of neem cake andB. bassiana UHSB-END1 (T1 to T4 and T6) was done at 20 cm away from the base of the plant by opening a shallow trench of 5 cm. In case of treatments T3 and T4, ten grams of B. bassiana UHSB-END1 was mixed thoroughly in well decomposed farm yard manure and applied to the soil. For cut pseudostem 25 grams of B. bassiana UHSB-END1 was applied thoroughly on the cut portion of the pseudostem and were placed adjacent to the banana plant. Totally three such cut pseudostems were placed in each replication at the centre of the 15 plants in a block. Cut pseudostems were changed at monthly interval.
Table 1. Details of bioagents and botanicals used for the experiment

	Tr. No
	Treatments
	Time of Application
	Method of Application
	Dosage/ plant/ Ha

	T1
	Neem cake
	5 and 6th month 
	Soil application 
	250 kg/ha 

	T2
	Neem cake
	5,6,7 & 8th month 
	Soil application 
	250 kg/ha

	T3
	Beauveria bassiana

UHSB-END1
	5 and 6th month 
	Soil application 
	10 g @ 2x108cfu/g/ pl

	T4
	Beauveria bassiana

UHSB-END1
	5,6,7, & 8th month
	Soil application
	10 g @ 2x108cfu /g/ pl

	T5
	Beauveria -UHSB-END1smeared cut pseudostem
	5 & 6th month 
	At base of the plant
	25 g / cut stem /pl

	T6
	Carbofuron 3 % G 

(Std Check)
	5 & 6th month 
	Soil application
	10 g / pl

	T7
	Untreated control
	-
	-
	-


Observationswere made on Spodoptera litura and Erionotathraxleafinfestation (%) by using below mentioned formulaeduring 7th, 8th, 9th and 10th months after application at every fortnightly interval (Shailesh et al., 2014).


              Total number of infested leaves/ plant

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


         Total number leaves/ plant 

Results and discussion:

Efficacy of bioagents and botanicals against leaf infestation (%) of Spodoptera litura2021
Observations were recorded from July to October 2021 and the data is presented in Table 2. The observations were recorded when the S. litura infestation was at peak. In other months of the year, the infestation was negligible and below economic injury level generally. A perusal of the data recorded across the different months revealed significantly the lowest per cent S. litura leaf infestation per plant in T4 -B. bassiana UHSB-END1@ 10 g per plant as soil application during 5th, 6th, 7th and 8th month intervals (1.56) which was statistically on par with T3 -B. bassiana UHSB-END1@ 10 g per plant as soil application during 5th  and 6th month (2.05) followed by T2- neem cake @ 250 kg per ha as soil application during 5th, 6th, 7th and 8th month application (2.59), T1 -neem cake @ 250 kg per ha as a soil application during 5th  and 6th month (2.94) and T6 -carbofuron 3 % G @ 10 g per plant as a soil application during 5th& 6th month (2.88), respectively. In the untreated control mean per cent leaf infestation was 4.61 which was higher compared to the plots with treatments. B. bassiana and neemcake were found highly effective in preventing the S. litura damage to banana leaf. 
Table 2. Efficacy of bioagents and botanicals against Spodoptera litura infestation, 2021

	Treatments
	Leaf infestation (%) at different months
	Mean

	
	7th
	8th
	9th
	10th
	

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	2.33

(8.77)ab
	2.66

(9.38)b
	2.88

(9.76)c
	3.90

(11.38)c
	2.94

(9.87)c

	T2 : Neem cake- 5th, 6th, 7th & 8th month @ 250 kg/ha
	2.15

(8.44)a
	2.08

(8.29)ab
	2.36

(8.83)bc
	3.76

(11.17)c
	2.59

(9.25)bc

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	2.46

(9.02)ab
	1.75

(7.61)ab
	1.77

(7.63)ab
	2.21

(8.54)b
	2.05

(8.22)ab

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	2.21

(8.55)a
	1.59

(7.23)a
	1.23

(6.35)a
	1.22

(6.33)a
	1.56

(7.18)a

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	3.07

(10.09)bc
	3.63

(10.98)c
	4.24

(11.87)d
	5.79

(13.92)d
	4.18

(11.80)d

	T6 : Carbofuran 3% G @ 10 g/pl
	2.72

(9.49)abc
	2.58

(9.23)b
	2.55

(9.18)c
	3.68

(11.05)c
	2.88

(9.77)c

	T7: Untreated control
	3.32

(10.50)c
	4.34

(12.02)d
	4.55

(12.31)d
	6.23

(14.45)d
	4.61

(12.40)d

	S. Em ±
	0.43
	0.50
	0.47
	0.50
	0.40

	CD at 5%
	1.35
	1.50
	1.46
	1.53
	1.24


*Figures in parentheses are arc sine transformed values

Means followed by same letter do not differ significantly by DMRT (P=0.05)
Efficacy of bioagents and botanicals against leaf infestation (%) of Spodoptera lituraduring 2022
Similar observations were also continued for the second year from July to October 2022 and the data is presented in Table 3. The data recorded during different months indicated significantly least per cent leaf infestation per plant was noted in T4 -B. bassiana UHSB-END1@ 10 g per plant as soil application during 5th, 6th, 7th  and 8th month intervals (1.81) statistically on par with T3 -B. bassiana UHSB-END1@ 10 g per plant as soil application during5th  and 6th month (2.22) followed by next best was T2- neem cake @ 250 kg per ha as soil application during 5th, 6th, 7th  and 8th month application (2.55) statistically onpar with T1 -neem cake @ 250 kg per ha as a soil application during 5th  and 6th month (2.77) and T6 -carbofuron 3 % G @ 10 g per plant as a soil application during 5th  and 6th month (2.71). The untreated control plot recorded (4.06) higher mean per cent leaf infestation. These findings proved B. bassiana and neemcake were found highly effective in preventing the S. litura damage to banana leaf (Table 3). 
Table 3. Efficacy of bioagents and botanicals against Spodoptera litura  infestation, 2022
	Treatments
	Leaf infestation (%) at different months
	Mean

	
	7th
	8th
	9th
	10th
	

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	1.94

(8.00)a
	2.34

(8.79)a
	2.99

(9.96)c
	3.80

(11.24)c
	2.77

(9.58)b

	T2 : Neem cake- 5th, 6th, 7th & 8th month @ 250 kg/ha
	1.97

(8.07)a
	2.17

(8.48)a
	2.55

(9.19)b
	3.48

(10.75)bc
	2.55

(9.18)b

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	2.11

(8.34)a
	2.04

(8.22)a
	2.19

(8.50)ab
	2.54

(9.17)b
	2.22

(8.57)ab

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	1.97

(8.07)a
	1.84

(7.80)a
	1.71

(7.51)a
	1.73

(7.56)a
	1.81

(7.74)a

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	2.84

(9.70)b
	3.62

(10.97)b
	3.77

(11.19)cd
	5.28

(13.28)d
	3.88

(11.36)c

	T6 : Carbofuran 3% G @ 10 g/pl
	2.12

(8.36)a
	2.26

(8.64)a
	2.66

(9.39)b
	3.79

(11.22)c
	2.71

(9.47)b

	T7: Untreated control
	2.87

(9.72)b
	3.62

(10.97)b
	4.26

(11.91)d
	5.48

(13.53)d
	4.06

(11.62)c

	S. Em ±
	0.28
	0.40
	0.45
	0.51
	0.42

	CD at 5%
	0.87
	1.23
	1.38
	1.59
	1.29


*Figures in parentheses are arc sine transformed values

Means followed by same letter do not differ significantly by DMRT (P=0.05)

Pooled efficacy of bioagents and botanicals against leaf infestation (%) of Spodoptera  lituraduring 2021 and 2022
To get the data on average performance of the different treatments for reducing the per cent leaf infestation of S. liturain Sugandhi banana pooled data analysis was performed and the results are presented in Table 4. The data observed during different months suggested significantly less percent leaf infestation per plant in T4 -B. bassiana UHSB-END1@ 10 g per plant as soil application during 5th, 6th, 7th  and 8th months intervals (1.69) which was statistically on par with T3 -B. bassiana UHSB-END1@ 10 g per plant as soil application during5th  and 6th month (2.13) followed by T2- neem cake @ 250 kg per ha as soil application during 5th, 6th, 7th  and 8th months application (2.57) and T6 -carbofuron 3 % G @ 10 g per plant as a soil application during 5th& 6th month (2.79).The control plot recorded (4.33) higher mean per cent leaf infestation. These results consistently suggest that T4 was the most effective treatment followed by T3 and T2 in reducing the per cent leaf infestation.
Table 4. Pooled data on efficacy of bioagents and botanicals against Spodoptera litura  infestation, 2021 and 2022

	Treatments
	Leaf infestation (%) at different months
	Mean

	
	7th
	8th
	9th
	10th
	

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	2.13

(8.39)a
	2.50

(9.09)b
	2.94

(9.86)c
	3.85

(11.31)c
	2.85

(9.72)c

	T2 : Neem cake- 5th, 6th, 7th & 8th month @ 250 kg/ha
	2.06

(8.26)a
	2.13

(8.38)ab
	2.46

(9.01)c
	3.62

(10.96)c
	2.57

(9.22)bc

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	2.28

(8.69)ab
	1.90

(7.92)ab
	1.98

(8.08)b
	2.38

(8.86)b
	2.13

(8.40)ab

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	2.09

(8.31)a
	1.72

(7.52)a
	1.47

(6.96)a
	1.48

(6.97)a
	1.69

(7.46)a

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	2.95

(9.90)bc
	3.63

(10.97)c
	4.00

(11.54)d
	5.54

(13.61)d
	4.03
(11.58)d

	T6 : Carbofuran 3% G @ 10 g/pl
	2.42

(8.95)abc
	2.42

(8.94)b
	2.61

(9.29)c
	3.73

(11.14)c
	2.79

(9.62)bc

	T7: Untreated control
	3.10

(10.13)c
	3.98

(11.51)c
	4.40

(12.11)d
	5.85

(14.00)d
	4.33

(12.01)d

	S. Em ±
	0.45
	0.42
	0.29
	0.46
	0.42

	CD at 5%
	1.40
	1.31
	0.88
	1.40
	1.29


*Figures in parentheses are arc sine transformed values

Means followed by same lette do not differ significantly by DMRT (P=0.05)
Efficacy of bioagents and botanicals against leaf infestation (%) of Erionotathrax during 2021
The data recorded across the different months revealed significantly the lowest average mean leaf infestation (%) of E. thraxwas observed in treatment B. bassiana UHSB-END1@ 10 g per plant as soil application during 5th, 6th, 7th  and 8th month intervals (1.95) gave the best protection which was statistically on par with neem cake@ 250 kg per ha as soil application during 5th, 6th, 7th  and 8th month (2.98) followed by T1 -neem cake@ 250 kg/ ha during 5 and 6th month (3.29), respectively.The leaf infestation (%) was statistically higher in the control plot recorded a mean leaf infestation of 5.11. These findings point to the fact that entomopathogenic fungul formulations suppress the leaf defoliation effectively followed by neemcake. Results are presented in Table 5.

Table 5. Efficacy of bioagents and botanicals against Erionota thrax leaf infestation, 2021
	Treatments
	Leaf infestation (%) at different months
	Mean

	
	7th
	8th
	9th
	10th
	

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	1.84

(7.79)ab
	2.69

(9.43)a
	4.08

(11.65)c
	4.55

(12.31)b
	3.29

(10.45)b

	T2 : Neem cake- 5th, 6th, 7th & 8th month @ 250 kg/ha
	1.50

(7.04)a
	2.16

(8.44)a
	3.94

(11.45)bc
	4.34

(12.02)b
	2.98

(9.95)b

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	1.93

(7.98)ab
	2.23

(8.58)a
	2.66

(9.39)ab
	3.26

(10.41)ab
	2.52

(9.13)ab

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	1.54

(7.14)a
	2.01

(8.15)a
	1.81

(7.72)a
	2.43

(8.97)a
	1.95

(8.02)a

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	2.96

(9.89)c
	3.68

(11.06)b
	5.85

(13.99)d
	6.48

(14.74)c
	4.74

(12.58)c

	T6 : Carbofuran 3% G @ 10 g/pl
	2.35

(8.48)b
	2.66

(9.38)a
	4.28

(11.94)cd
	4.30

(11.97)b
	3.40

(10.62)b

	T7: Untreated control
	3.28

(10.42)c
	4.00

(11.52)b
	6.32

(14.56)e
	6.85

(15.17)c
	5.11

(13.06)c

	S. Em ±
	0.40
	0.50
	0.70
	0.63
	0.60

	CD at 5%
	1.20
	1.50
	2.17
	1.94
	1.85


*Figures in parentheses are arc sine transformed values

Means followed by same letter do not differ significantly by DMRT (P=0.05)

Efficacy of bioagents and botanicals against per cent leaf infestation of Erionota thrax during 2022
During 2022 also, different treatments comprising neem cake, B. bassiana, split pseudostem trap and carbofuran were evaluated against leaf damage by E. thrax larvae. The data documented across different months illustrated that, the plot treated with B. bassiana UHSB-END1 application@ 10 g per plant during 5th, 6th, 7th and 8th month intervals registered significantly lowest mean E. thrax infestation (%) of 1.95, followed by T3 -B. bassiana UHSB-END1@ 10 g/plant during 5th and 6thmonth as soil application (3.00), T2 (4.43), T1 (4.58) and T6 (4.70), respectively. The control plot and T5 -placing cut pseudostem traps were recorded significantly higher leaf infestation (7.80) and (7.44) per plant (Table 6). There were statistical significant differences between the treated and control plots. 
Table 6. Efficacy of bioagents and botanicals against Erionota thrax  leaf infestation, 2022
	Treatments 
	Leaf infestation (%) at different months
	Mean 

	
	7th
	8th
	9th
	10th
	

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	3.11

(10.16)cd
	4.65

(12.45)bc
	4.70

(12.52)c
	5.87

(14.02)c
	4.58

(12.36)c

	T2 : Neem cake- 5th, 6th, 7th & 8th month @ 250 kg/ha
	2.56

(9.21)bc
	4.85

(12.73)c
	4.42

(12.13)c
	5.89

(14.04)c
	4.43

(12.15)c

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	2.19

(8.51)b
	3.31

(10.48)b
	3.12

(10.17)b
	3.36

(10.56)b
	3.00

(9.97)b

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	1.22

(6.34)a
	1.43

(6.87)a
	1.43

(6.87)a
	2.23

(8.58)a
	1.58

(7.21)a

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	3.85

(11.31)de
	7.53

(15.93)d
	8.36

(16.81)e
	10.01

(18.44)d
	7.44

(15.83)d

	T6 : Carbofuran 3% G @ 10 g/pl
	2.11

(8.34)b
	4.74

(12.57)c
	5.96

(14.13)d
	6.01

(14.19)c
	4.70

(12.52)c

	T7: Untreated control
	4.09

(11.66)e
	7.86

(16.28)d
	9.03

(17.48)e
	10.21

(18.64)d
	7.80

(16.21)d

	S. Em ±
	0.48
	0.65
	0.42
	0.45
	0.44

	CD at 5%
	1.46
	2.00
	1.30
	1.41
	1.37


*Figures in parentheses are arc sine transformed values

Means followed by same letter do not differ significantly by DMRT (P=0.05)

Pooled efficacy of bioagents and botanicals against per cent leaf infestation of Erionotathrax during 2021 and 2022
To obtain average of the two years data, pooled analysis was also done and the data are presented in Table 7. The three treatments, viz., T4 -B. bassiana UHSB-END1@ 10 g/plant as soil application during 5th, 6th, 7th and 8th month intervals, T3 -B. bassiana UHSB-END1@ 10 g/plant as soil application during5th  and 6th month and T2 neem cake @ 250 kg/ha as soil application during 5th, 6th, 7th  and 8th month were in the order of efficacy proved effective in reducing the leaf infestation (%) by the E. thrax larvae. The values of infestation for T4, T3 and T2 were 1.76, 2.76 and 3.71, respectively. The leaf infestation (%) in the control plot was 6.45. These results confirmed the efficacy of the above three treatments that are ecofriendly, economical and practicable. The above-mentioned treatments have cumulative effect in the leaf damage by E. thrax larvae and these tools can also be used as a prophylactive measure against the defoliator pest.
Table 7.  Pooled data on efficacy of bioagents and botanicals against Erionota thrax  leaf infestation, 2021 and 2022

	Treatments
	Leaf infestation (%) at different months
	Mean

	
	7th
	8th
	9th
	10th
	

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	2.48

(9.05)c
	3.67

(11.04)b
	4.39

(12.09)c
	5.21

(13.19)b
	3.94

(11.44)c

	T2 : Neem cake- 5th, 6th, 7th & 8th month @ 250 kg/ha
	2.03

(8.19)b
	3.51

(10.79)b
	4.18

(11.79)c
	5.11

(13.07)b
	3.71

(11.10)c

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	2.06

(8.25)bc
	2.77

(9.58)b
	2.89

(9.79)b
	3.31

(10.48)a
	2.76

(9.56)b

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	1.38

(6.75)a
	1.72

(7.54)a
	1.62

(7.31)a
	2.33

(8.78)a
	1.76

(7.63)a

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	3.40

(10.63)d
	5.61

(13.70)c
	7.11

(15.46)d
	8.24

(16.68)c
	6.09

(14.29)d

	T6 : Carbofuran 3% G @ 10 g/pl
	2.23

(8.58)bc
	3.70

(11.09)b
	5.12

(13.08)c
	5.15

(13.12)b
	4.05

(11.61)c

	T7: Untreated control
	3.68

(11.06)d
	5.93

(14.09)c
	7.67

(16.08)d
	8.53

(16.98)c
	6.45

(14.71)d

	S. Em ±
	0.26
	0.63
	0.64
	0.67
	0.40

	CD at 5%
	0.81
	1.96
	1.97
	2.07
	1.23


*Figures in parentheses are arc sine transformed values

Means followed by same letter do not differ significantly by DMRT (P=0.05)
Among the various defoliator management strategies evaluated, the significantly lowest percentage of leaf infestation by Spodoptera litura and Erionotathrax per plant was recorded in the treatment havingBeauveria bassiana (UHSB-END1) applied as a soil amendment at 10 g per plant during the 5th, 6th, 7th and 8thmonths. This treatment was statistically on par with B. bassiana application at the same dose during only the 5th and 6thmonths. These consistent results indicate that Treatment T4 was the most effective in managing defoliator pests.The findings of the present study emphasizethat for effective management of these defoliatorpests  such as S. litura and E. thrax, during early-stage application of neem cake offers quick suppression, while B. bassiana applied during prolonged growth stages provides sustained control. The superior performance of B. bassiana and neem cake in minimizing leaf infestation may be attributed to their distinct modes of action.B. bassiana, as an endophytic entomopathogenic fungus, possesses the unique ability to colonize internal plant tissues, leading to the production of secondary metabolites with antifungal, antibacterial, and insecticidal properties. These compounds contribute to pest mortality by inducing a systemic response within the host plant. Furthermore, endophytic colonization may indirectly impact insect herbivores through non-pathogenic mechanisms such as antixenosis, antibiosis, and induced systemic resistance.On the other hand, the effectiveness of neem cake at the early growth stage can be ascribed to its potent antifeedant and insect growth regulatory properties. Neem-based compounds, particularly azadirachtin, act as feeding deterrents and oviposition inhibitors, thereby minimizing damage by neonate larvae. Azadirachtin structurally mimics the insect molting hormone ecdysone, functioning as an ecdysone antagonist. By disrupting hormonal regulation, it interferes with molting and metamorphosis, ultimately leading to starvation and death of the pests.
Conclusion :  the strategic application of neem cake during the early crop stages, followed by B. bassiana during the mid to late growth stages, emerged as the most effective integrated approach for managing defoliator pests in the banana ecosystem.

The literature on these pests in the banana ecosystem is relatively scant. However, the present findings are generally in more or less agreement with researchers of Mohammad et al. (2023), who studied various native isolates of Beauveria bassiana against Spodoptera litura. Among the isolates tested, TGS 2.3 exhibited the highest mortality rate (82%) against second instar larvae of S. litura. Similarly, Sarwankumar and Kaur (2017) reported that B. bassiana at 200 mg⁻¹ is a promising and eco-safe alternative to chemical insecticides against the sunflower capitulum borer, Helicoverpa armigera. Their findings suggested that this entomopathogen could be an effective component of early-season Integrated Pest Management (IPM) strategies for H. armigera in sunflower cultivation.In another study, Abdulrazak et al. (2014) evaluated the efficacy of certain neem-based products in laboratory conditions. Vijayaneem demonstrated the highest antifeedant index (64.75%), followed by a 5% Neem Seed Kernel Extract (NSKE) formulation (48.7%). Additionally, the 5% NSKE treatment resulted in the highest larval mortality (40%) among the neem products tested. Irulindi et al. (2018) also reported that spraying azadirachtin (10,000 ppm) at 2 ml/litre resulted in a 70.32% reduction in Erionotathrax (banana skipper) infestation, while B. bassiana at 2.5 g/litre achieved a 61.96% reduction. These findings are further supported by Padmanabhan (2015), who found that spraying B. bassiana at 2.5 g/litre significantly reduced populations of E. thrax in banana plantations.

References:

Abdul Razak, T., Santhakumar, T., Mageswari, K. and Santhi, S., 2014, Studies on efficacy of certain neem products against Spodoptera litura (Fab.). J.Biopest., 7(Supp.):160-163. 

Irulandi, S., M.I, Manivannan., and A, Ravi, Kumar., 2018, Bio-ecology and management of the banana skipper, ErionotathraxL. (Hesperiidae: Lepidoptera) Journal of Entomology and Zoology Studies.  6 (2): 262-265
Kamala Jayanthi, P.D., Rami Reddy, P.V., Vivek, Kempraj. And Shashank, P.R.,2015, Outbreak of banana skipper, Erionota torus Evans (Lepidoptera: Hesperiidae) in southern India: Evidence of expanded geographic range. Pest Management in Horticultural Ecosystems, 21(1):95-97. 
Mohammad, Shah., Islam, Naimul., Md, Zahid, Hasan, Choudhury., Mahjabin. Ferdaous, Mim., Milia, Bente, Momtaz. and Tofazzal, Islam., 2023, Biocontrol potential of native isolates of Beauveria bassiana against cotton leafworm Spodoptera litura (Fabricius). Sci. Rep,13(1):8331-8337.

Ostmark, M.K., 1974, Economic insect pests of banana. Annual Review of Entomology. 19:161-176. 
Okolle, J.N., Mashor, M. and Ahmad, A.H.,2006, Spatial distribution of banana skipper (ErionotathraxL.) (Lepidoptera: Hesperiidae) and its parasitoids in a Cavendish banana plantation, Penang, Malaysia. Insect Science, 13:381-389. 
Prasad, B. and Singh, O.L.,1987, Insect pests of banana and their incidence in Manipur. Indian Journal of Hill Farming. 1(1):71-73. 
Padmanaban, B., 2014, Occurrence of banana skipper, Erionotusthrax(L.), a defoliator of banana on certain parts of India. In: Global conference of technological challenges and human resources for climate smart horticulture, NAU, Navasari, Gujarat, Tamil Nadu, India. 197.

Padmanaban, B., 2015, Management of banana skipper, Erionatathrax(Linn.) (lepidoptera:Hesperiidae), a defoliator pest of banana. International Conference on Innovative Insect Management approaches for Sustainable agro Eco-System (IIMASAE), Organized by Department of Agricultural Entomology and AC & RI, Madurai, Tamil Nadu, India,730.
Robinson, J.C. and Sauce, V.G.,2010, Bananas and Plantains. 2nd Ed. CAB International, 312. 
Sarwankumar. and Jaswinder, Kaur., (2017), Efficacy of Beauveria bassiana and Bacillus thuringiensis as ecosafe alternatives to chemical insecticides against sunflower capitulum borer, Helicoverpa armigera (Hübner). J. Ent. and Zool. Stu.,5(2):185-188.

Singh, M.P., 1997, ErionatathraxLinn. a serious pest of banana in Manipur and its potential biocontrol agent, Brachymeriaeuploeae(West). Insect Environment,3(2):51-52. 
Sharanbasappa., 2017, Biorational insecticides for the management of Erionota torus Evans (Hesperiidae: Lepidoptera) on banana. Pesticides research journal, 29 (1) 93-97

Shivayogeshwara, B., Millikharjunaiah, H. and Krishnaprasad, N. K., 1991, Integrated management of Spodoptera lituraFabricius (Noctuidae: Lepidoptera) in FCV tobacco crop. Tobacco Research 17(8): 59-61.
Shailesh, Tayade, Patel, Z.P., Susheel, Singh. and a. d. Phapale, A.D., 2014 , Effect of weather parameters on pest complex of banana under heavy rainfall zone of South Gujarat.J. Agrometeorology, 16 (2) : 222-226.
Veenakumari, K. and Mohanraj, P.,1991, ErionotathraxthraxL. (Lepidoptera: Hesperiidae), a new record to Andaman Islands. Journal of the Andaman Science Association, 7(2):91-92. 
86









