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Plate 1. Damage grade index (DGI) of Banana pseudostem weevil (0-6 scale) on pseudostem
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Plate 2. Adults and grub infected with Krishna prabha Beauveria






Efficacy of bioagents and botanicals for the management of banana pseudostem weevil, Odoiporus longicollis Olivier (Coleoptera: Curculionidae)

Abstract
The banana pseudostem weevil, Odoiporus longicollis (Olivier), is a destructive pest causing significant economic losses in banana cultivation. In response to the environmental and health hazards associated with synthetic insecticides, this study evaluated the efficacy of sustainable management strategies using bioagents and botanicals. A field experiment was conducted over two seasons (2021–2022) in a farmer’s field in Karnataka, India, using a randomized block design. Treatments included soil application of neem cake and the entomopathogenic fungus Beauveria bassiana (strain UHSB-END1) at different frequencies, as well as placing B. bassiana-smeared pseudostem traps. Results were compared against a standard chemical check (Carbofuron 3% G) and an untreated control. The most effective treatment was the soil application of B. bassiana at 10 g/plant during the 5th, 6th, 7th, and 8th months (T₄), which recorded the significantly lowest mean damage grade index (0.49) and the fewest active weevil life stages per plant (2.17). This treatment also resulted in the highest bunch weight (17.55 kg) and yield (39.85 t/ha). Placing B. bassiana-smeared cut pseudostem traps (T₅) was also highly effective, demonstrating the highest benefit-cost ratio (4.37) due to its low application cost and strong pest suppression. These findings demonstrate that B. bassiana, applied either as a soil drench or in a "lure and kill" trap system, offers an economically viable and ecologically sound alternative to chemical pesticides for managing the banana pseudostem weevil.

Keywords: Beauveria bassiana, biological control integrated pest management; Odoiporus longicollis; sustainable agriculture.

Introduction:
     Banana (Musa spp.) is the second most important fruit crop in India after mango and is integral to the nation's agricultural economy. However, its cultivation is threatened by numerous insect pests, with over nineteen species reported to cause damage (Padmanaban et al., 2001). Among the most destructive is the banana pseudostem weevil (BPW), Odoiporus longicollis (Olivier) (Coleoptera: Curculionidae), which poses a serious threat to banana production and productivity across India (David, 2008). The pest's widespread distribution (Isahaque, 1978), results in substantial yield losses, which can range from 10–90% depending on the cultivar, plant age, and management practices (Jayanthi and Varghese, 1999). Adult weevils lay eggs on the pseudostem, and the hatched larvae bore inwards, feeding from the collar region to the peduncle, disrupting nutrient flow and weakening the plant structure (Padmanaban & Sathiamoorthy, 2001). Severe infestations can cause the pseudostem to break, leading to complete crop loss (Shukla & Kumar, 1970; Visalakshi et al., 1989).
Traditionally, BPW management has relied on synthetic insecticides like Endrin, Carbofuran, and Chlorpyrifos, applied through various methods including soil application, spraying, and injection (Thippaiah et al., 2011, Reghunath et al., 1993).  However, this heavy reliance on chemicals raises significant concerns. It disrupts the ecological balance byharming natural enemies (Prasuna et al., 2008), leads to insecticide resistance, and contaminates the environment. Furthermore, improper handling poses health risks to farm workers (Hutter et al., 2021) and chemical residues can alter the plant's biochemistry, potentially increasing its susceptibility to pests (Kavitha et al., 2015a). The concealed life cycle of the weevil within the pseudostem further complicates chemical control.

Given these challenges, there is a pressing need for safer, sustainable alternatives. Entomopathogenic fungi (EPF), such as Metarhizium anisopliae and Beauveria bassiana, have shown significant potential as biological control agents against O. longicollis (Sharmila & Mohan, 2015 and Velavan et al., 2021).  These fungi infect and kill the pest and certain endophytic strains can colonize the plant internally, offering systemic and long-term protection (Alagesan et al., 2019). To address the challenges posed by the banana pseudostem weevil (BPW), previous research has explored integrated pest management (IPM) strategies such as mass trapping with pseudostem traps equipped with blue LED lights, pest population monitoring, use of bioagents and botanicals, cultivation of resistant varieties and adoption of improved crop management practices. However, field-level evidence on the effectiveness of these approaches against BPW remains limited. In light of the pest's economic impact, a field trial was conducted during 2021–2022 cropping seasons in farmers’ fields in Vijayanagar district. The trial aimed to evaluate the efficacy of bioagents, botanicals, use of pseudostem traps and granular soil insecticides to manage the banana pseudostem weevil in prophalactive application methods. The present study was also undertaken to know the biological control ability of EPF strainB. bassiana UHSB-END1 isolated from naturally infested pest.
MATERIAL AND METHODS: -

Field experiment was conducted in pseudostem weevil prone farmers field in 3rd and 4th ratoon crop for two seasons during 2021 and 2022. 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 seven 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 and B. 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 plant. Totally three such cut pseudostems were placed in each replication at the centre of the 15 plants in a block to facilitate attraction of weevils from all directions. Cut pseudostems were changed at monthly interval.

The efficacy of the treatments was evaluated by documenting the damage grade of 0-6 scale (plate 1) on the pseudostem on a day before and at 15 days after treatment imposition. In addition, at fortnightly interval from 5th to 8th months and monthly intervals from 9th month till harvest. 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. Further the number of different life stages such as grub, pupae and adults were also recorded by cutopening the five randomly selected plants after harvest. Finally, the benefit-cost ratio was worked out for the pooled yield data with below mentioned formula.

Gross return = Yield X Market price (Average banana price of 4 years-Rs.15/Kg),                   

Net return=Gross return-Total cost, B: C ratio 
= Gross return ÷ Total cost
List 1: Damage grade assigned to plants based on symptoms

	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


Further, mean damage grade index was worked out using the below mentioned formula
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Where, 

DG = Damage Grade

NP = No. of plants affected in that grade 

TP = Total number of plants observed 

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
	-
	-
	-


RESULTS AND DISCUSSION

Efficacy of bioagents and botanicals on damage grade index during 2021
Bioagents and botanicals were evaluated against banana pseudostem weevil based on the damage grade index. The detailed data for seven months at fortnightly and monthly intervals from May to November 2021 is presented in Table 2. Day before imposition of the treatments, there were non-significant results among the treatments. However, average mean values after imposition  of the treatments over different months suggested significantly least damage grade per pseudostem was recorded in T4 -B. bassiana UHSB-END1@ 10 g/plant as soil application during 5th, 6th, 7th and 8th month (0.56) across the different months which was statistically on par with T5 – placing Beauveria treated cut pseudostem pieces @ 100/ha at base of the plant (@25 g smeared on the cut surface) during 5th& 6th month (0.80) and T3 -B. bassiana UHSB-END1 @ 10 g/plant as soil application during 5th  and 6th month (0.88) followed by T2 -neem cake @ 250 kg/ha as soil application during 5th,  6th, 7th and 8th month (1.21) which was statistically on par with T1-neem cake @ 250 kg/ha as a soil application during 5th  and 6th month (1.39) and T6 -carbofuron 3 % G @ 10 g/plant as a soil application during 5th and 6th month (1.29). In the plot with untreated control, higher damage grade (1.87) was recorded which was statistically inferior in reducing the BPW infestation from the aforesaid treatments. 
Efficacy of bioagents and botanicals on damage grade index during 2022
Bioagents and botanicals were evaluated during second season of 2022 at Hospete taluk, Vijayanagar district of North Karnataka. The data on mean damage grade index per plant at fortnightly and monthly interval from May to November 2022 is presented in Table 3. The data recorded across the different months, revealed significantly least average damage grade index per plant in T4 -B. bassiana UHSB-END1@ 10 g/plant as soil application during 5th, 6th, 7th and 8th month (0.43) which was statistically onpar with T3 -B. bassiana UHSB-END1@ 10 g/plant as soil application during5th  and 6th month (0.68) and T5 – placing Beauveria treated cut pseudostem pieces @ 100/ha (@25 g smeared on the cut surface)at base of the plant during 5th  and 6th month (0.68) followed by T2 -neem cake @ 250 kg/ha as soil application during 5, 6, 7, 8th month (0.99) which was statistically on par with T1 -neem cake @ 250 kg/ha as a soil application during 5th  and 6th month (1.12) and T6 -carbofuron 3 % G @ 10 g/plant as a soil application during 5th  and 6th month (1.10) respectively. Control plot recorded higher damage grade index (1.44) per plant. The above-mentioned treatments viz., T3, T4 and T5 were effectively combined to reduce the population of BPW. 
Table 2. Efficacy of bioagents and botanicals against banana pseudostem weevil damage grade index, 2021

	Treatments 
	DBA
	Damage grade index at different months
	Mean

	
	
	5th Month 
	6th Month 
	7th  Month 
	8th  Month 
	9th  Month 
	10th  Month 
	11th Month 
	

	
	
	15 DAA
	30 DAA
	15 DAA
	30 DAA
	15 DAA
	30 DAA
	15 DAA
	30 DAA
	
	
	
	

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	0.00

(0.71)
	0.00

(0.71)
	0.20

(0.84)ab
	0.36

(0.92)a
	0.73

(1.11)d
	1.09

(1.26)b
	1.38

(1.37)de
	1.76

(1.50)de
	1.80

(1.52)c
	2.40

(1.70)d
	2.71

(1.79)c
	2.89

(1.84)cd
	1.39

(1.38)b

	T2 : Neem cake- 5th, 6th, 7th & 8th month @ 250 kg/ha
	0.00

(0.71)
	0.00

(0.71)
	0.20

(0.84)ab
	0.31

(0.90)a
	0.60

(1.05)cd
	0.91

(1.19)b
	1.07

(1.25)bcd
	1.38

(1.37)bcd
	1.49

(1.41)bc
	2.04

(1.59)cd
	2.49

(1.73)c
	2.80

(1.82)cd
	1.21

(1.31)b

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	0.00

(0.71)
	0.00

(0.71)
	0.18

(0.82)ab
	0.24

(0.86)a
	0.38

(0.94)ab
	0.53

(1.02)a
	0.78

(1.13)abc
	1.13

(1.28)bc
	1.24

(1.32)b
	1.51
(1.42)bc
	1.76

(1.50)b
	1.96
(1.57)bc
	0.88

(1.18)a

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	0.00

(0.71)a
	0.00

(0.71)
	0.16

(0.81)a
	0.18

(0.82)a
	0.20

(0.84)a
	0.33

(0.91)a
	0.53

(1.02)a
	0.71

(1.10)a
	0.80

(1.14)a
	0.93

(1.20)a
	1.09

(1.26)a
	1.18

(1.29)a
	0.56

(1.03)a

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	0.00

(0.71)
	0.00

(0.71)
	0.16

(0.81)a
	0.20

(0.84)a
	0.33

(0.91)ab
	0.49

(0.99)a
	0.71

(1.10)ab
	0.98

(1.22)ab
	1.18

(1.29)ab
	1.38

(1.37)ab
	1.64

(1.46)b
	1.78

(1.51)ab
	0.80

(1.14)a

	T6 : Carbofuran 3% G @ 10 g/pl
	0.00

(0.71)
	0.00

(0.71)
	0.24

(0.86)ab
	0.27

(0.88)a
	0.42

(0.96)bc
	0.87

(1.17)b
	1.09

(1.26)cd
	1.60

(1.45)cd
	1.84

(1.53)c
	2.33

(1.68)d
	2.67

(1.78)c
	2.91

(1.85)d
	1.29

(1.34)b

	T7: Untreated control
	0.00

(0.71)
	0.00

(0.71)
	0.40

(0.95)b
	0.58

(1.04)b
	1.09

(1.26)e
	1.47

(1.40)c
	1.71

(1.49)e
	2.16

(1.63)e
	2.60

(1.76)d
	3.18

(1.92)e
	3.58

(2.02)d
	3.78

(2.07)d
	1.87

(1.54)c

	S. Em ±
	
	
	0.04
	0.03
	0.03
	0.03
	0.05
	0.05
	0.05
	0.60
	0.06
	0.90
	0.05

	CD at 5%
	NS
	NS
	0.13
	0.10
	0.10
	0.11
	0.15
	0.16
	0.15
	0.19
	0.19
	0.27
	0.15


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

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

Table 3.  Efficacy of bioagents and botanicals against banana pseudostem weevil damage grade index, 2022

	Treatments 
	DBA
	Damage grade index at different months 
	Mean

	
	
	5th Month 
	6th Month 
	7th  Month 
	8th  Month 
	9th  Month 
	10th  Month 
	11th Month 
	

	
	
	15 DAA
	30 DAA
	15 DAA
	30 DAA
	15 DAA
	30 DAA
	15 DAA
	30 DAA
	
	
	
	

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	0.00

(0.71)
	0.00

(0.71)
	0.09

(0.77)ab
	0.09

(0.77)a
	0.27

(0.88)a
	0.60

(1.05)c
	0.93

(1.20)cd
	1.42

(1.39)c
	1.62

(1.46)c
	2.16

(1.63)c
	2.36

(1.69)cd
	2.78

(1.81)cd
	1.12

(1.27)c

	T2 : Neem cake- 5th, 6th, 7th & 8th month @ 250 kg/ha
	0.00

(0.71)
	0.00

(0.71)
	0.09

(0.77)ab
	0.09

(0.77)a
	0.27

(0.88)a
	0.49

(0.99)bc
	0.73

(1.11)bc
	1.16

(1.29)b
	1.31

(1.34)c
	1.84

(1.53)c
	2.18

(1.64)c
	2.73

(1.80)cd
	0.99

(1.22)bc

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	0.00

(0.71)
	0.00

(0.71)
	0.09

(0.77)ab
	0.09

(0.77)a
	0.20

(0.84)a
	0.36

(0.92)ab
	0.58

(1.04)ab
	0.84

(1.16)b
	0.89

(1.18)b
	1.24

(1.32)ab
	1.42

(1.39)b
	1.78

(1.51)ab
	0.68

(1.09)ab

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	0.00

(0.71)
	0.00

(0.71)
	0.04

(0.74)a
	0.04

(0.74)a
	0.13
(0.80)a
	0.22

(0.85)a
	0.36

(0.92)a
	0.49

(0.99)a
	0.53

(1.02)a
	0.87

(1.17)a
	0.96

(1.20)a
	1.07

(1.25)a
	0.43

(0.96)a

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	0.00

(0.71)
	0.00

(0.71)
	0.07

(0.75)ab
	0.07

(0.75)a
	0.18

(0.82)a
	0.29

(0.89)a
	0.49

(0.99)ab
	0.82

(1.15)b
	0.89

(1.18)b
	1.29

(1.33)b
	1.53

(1.42)b
	1.91

(1.55)bc
	0.68

(1.09)ab

	T6 : Carbofuran 3% G @ 10 g/pl
	0.00

(0.71)
	0.00

(0.71)
	0.11

(0.78)ab
	0.11

(0.78)a
	0.22

(0.85)a
	0.53

(1.02)c
	0.96

(1.21)cd
	1.44
(1.39)c
	1.58

(1.44)c
	2.13

(1.62)c
	2.36

(1.69)cd
	2.69

(1.79)bcd
	1.10

(1.27)c

	T7: Untreated control
	0.00

(0.71)
	0.00

(0.71)
	0.20

(0.84)b
	0.27

(0.88)b
	0.47

(0.98)b
	0.87

(1.17)d
	1.31

(1.34)d
	1.78

(1.51)c
	2.04

(1.59)d
	2.48

(1.73)d
	2.82

(1.82)d
	3.44

(1.99)d
	1.44

(1.39)d

	S. Em ±
	
	
	0.03
	0.03
	0.03
	0.03
	0.04
	0.05
	0.05
	0.05
	0.04
	0.09
	0.05

	C.D.at 5%
	NS
	NS
	0.09
	0.09
	0.08
	0.09
	0.14
	0.15
	0.15
	0.15
	0.13
	0.28
	0.15


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

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

Pooled data (Average of two years) on efficacy of bioagents and botanicals on damage grade index 
 To know the average performance of the different treatments on suppressing the weevil infestation, data was pooled and analysed to get an average performance of different treatments across the different months, the results are presented in Table 4. Among the seven different treatments evaluated, T4 -B. bassiana UHSB-END1@ 10 g per plant as soil application during 5th, 6th, 7th and 8th months noted the lowest mean damage grade (0.49) across the different months per plant which was statistically on par with T5 – placing Beauveria treated cut pseudostem pieces @ 100/ha (@25 g smeared on the cut surface)at base of the plant during 5th  and 6th month (0.74) and T3 -B. bassiana UHSB-END1@ 10 g per plant as soil application during 5th  and 6th month (0.78) followed by T2 -neem cake @ 250 kg/ha as soil application during 5th, 6th, 7th and 8th months (1.10) which was statistically on par with T1 -neem cake @ 250 kg/ha as a soil application during 5th  and 6th month (1.26) and T6 -carbofuron 3 % G @ 10 g/plant as a soil application during 5th  and 6th month (1.20), respectively. Control plot recorded higher damage grade index (1.65) per plant (Table 18). These results further confirmed that the three ecofriendly methods viz., T3, T4 and T5 can be very effective in suppressing the BPW in banana ecosystem (Table 4). 

    Overall, both the years’ results consistently revealed that treatment T4 was the most effective method to suppress the BPW population without using insecticides i.e., by using microbial formulation of entomopathogenic fungi @ 10 g per plant. The treatments T3 and T5 were almost onpar
 with T4 treatment and in these treatments also Beauveria microbial formulation recorded significant results and they were deployed in the management of BPW. However, these three methods could be judiciously integrated to suppress the BPW population below the damage level under field conditions in banana ecosystems. These IPM tools are ecofriendly, economically preferable, easily applicable and long-lasting. 
Efficacy of bioagents and botanicals on activity of life stages of the banana pseudostem weevil during 2021, 2022 and pooled 
To know the efficacy of botanicals and bioagents on the activity of different life stages of banana pseudostem weevil. It was assessed at harvest by destructive sampling via cut opening the harvested plants randomly at each replication for two years and the active life 
Table 4. Pooled data on efficacy of bioagents and botanicals against banana pseudostem weevil damage grade index, 2021 and 2022

	Treatments  
	DBA

	Damage grade index at different months
	Mean

	
	
	5th Month 
	6th Month 
	7th  Month 
	8th  Month 
	9th  Month 
	10th  Month 
	11th Month 
	

	
	
	15 DAA
	30 DAA
	15 DAA
	30 DAA
	15 DAA
	30 DAA
	15 DAA
	30 DAA
	
	
	
	

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	0.00

(0.71)
	0.00

(0.71)
	0.14 (0.80)a
	0.22

(0.85)a
	0.50

(1.00)c
	0.84

(1.16)c
	1.16

(1.29)c
	1.59

(1.45)cd
	1.71

(1.49)c
	2.28

(1.67)c
	2.53

(1.74)c
	2.83

(1.83)cd
	1.26

(1.32)b

	T2 : Neem cake- 5th, 6th, 7th & 8th month @ 250 kg/ha
	0.00

(0.71)
	0.00

(0.71)
	0.14 (0.80)a
	0.20

(0.84)a
	0.43

(0.97)bc
	0.70

(1.09)bc
	0.90

(1.18)bc
	1.27

(1.33)bc
	1.40

(1.38)bc
	1.94

(1.56)c
	2.33

(1.68)c
	2.77

(1.81)c
	1.10

(1.27)b

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	0.00

(0.71)
	0.00

(0.71)
	0.13 (0.80)a
	0.17

(0.82)a
	0.29

(0.89)ab
	0.44

(0.97)ab
	0.68

(1.08)ab
	0.99

(1.22)b
	1.07

(1.25)b
	1.38

(1.37)b
	1.59

(1.45)b
	1.87

(1.54)b
	0.78

(1.13)a

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	0.00

(0.71)
	0.00

(0.71)
	0.10 (0.77)a
	0.11
(0.78)a
	0.17

(0.82)a
	0.28

(0.88)a
	0.44

(0.97)a
	0.60

(1.05)a
	0.67

(1.08)a
	0.90

(1.18)a
	1.02

(1.23)a
	1.12

(1.27)a
	0.49

(1.00)a

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	0.00

(0.71)
	0.00

(0.71)
	0.11 (0.78)a
	0.13

(0.80)a
	0.26

(0.87)a
	0.39

(0.94)a
	0.60

(1.05)a
	0.90

(1.18)ab
	1.03

(1.24)b
	1.33

(1.35)b
	1.59

(1.45)b
	1.84
(1.53)b
	0.74

(1.12)a

	T6 : Carbofuran 3% G @ 10 g/pl
	0.00

(0.71)
	0.00

(0.71)
	0.18 (0.82)ab
	0.19

(0.83)a
	0.32

(0.91)abc
	0.70

(1.09)bc
	1.02

(1.23)c
	1.52

(1.42)c
	1.71

(1.49)c
	2.23

(1.65)c
	2.51

(1.74)c
	2.80

(1.82)c
	1.20

(1.30)b

	T7: Untreated control
	0.00

(0.71)
	0.00

(0.71)
	0.30

(0.89)b
	0.42

(0.96)b
	0.78

(1.13)d
	1.17

(1.29)d
	1.51

(1.42)d
	1.97

(1.57)d
	2.32

(1.68)d
	2.83

(1.82)d
	3.20

(1.92)d
	3.61

(2.03)d
	1.65
(1.47)c

	S. Em ±
	
	
	0.02
	0.03
	0.03
	0.04
	0.04
	0.05
	0.05
	0.04
	0.06
	0.06
	0.04

	C D at 5%
	NS
	NS
	0.08
	0.08
	0.09
	0.12
	0.12
	0.16
	0.15
	0.13
	0.17
	0.20
	0.13


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

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

stages of the weevil were counted and the also the pooled data are presented in Table 5. The data documented during 2021 revealed that T4 was found to be the best treatment i.e., application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th  and 8th months intervals as it was recorded significantly least total number of active life stages (2.10) of the weevil (grub, pupae and adult) per plant indicated its superiority over other treatments followed by T3 -application of B. bassiana UHSB-END1@ 10 g per during 5th  and 6th months (4.20) and T5 - placing Beauveria treated cut pseudostem pieces @ 100 per ha @ 25 g smeared on the cut surface during 5th  and 6th month at base of the plant (4.47) and are statistically on par each other. Whereas, T6-carbofuron 3 % G @ 10 g per plant as a soil application during 5 and 6th month recorded (6.97) which was statistically on par with T2 -neem cake @ 250 kg per ha as soil application during 5th, 6th, 7th and 8th months (7.07). The control plot recorded significantly higher number of active live population count of 14.70 per plant.

Similar observations were continued during second season 2022. Similar trend was continued as observed during 2021. The treatment T4 -application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th  and 8th month showed its superiority over other treatments by documenting lowest total number of active life stages of the BPW per plant (2.23) followed by T3 and T5 ranked second by registering 4.13 and 4.70 average total population per plant. Whereas, T2, T1 and T6 ranked third with average total population of 7.43, 7.43 and 7.57. The control plot registered significantly higher (14.87) total number of active population of BPW (Table 5).To ascertain the average number of active life stages of the banana pseudostem weevil, a pooled analysis of the data was also conducted and the detailed data is presented in Table 5. 

The pooled analyzed results were in accordant with the individual year results. As application of B. bassiana UHSB-END1@ 10 g per plant during 5,6,7 and 8th month intervals recorded significantly least total number of active life stages (2.17) of the banana pseudostem weevil per plant which was followed by T3 -application of B. bassiana UHSB-END1@ 10 g per during 5 and 6th month (4.17) and it was on par with T5 - placing Beauveria treated cut pseudostem pieces @ 100 per ha (@25 g smeared on the cut surface) during 5 and 6th month at base of the plant (4.58) followed by T2 -neem cake @ 250 kg per ha as soil application during 5,6,7 and 8th months (7.25). The control plot was statistically inferior as it registered significantly higher number of active live population count (14.78) per plant. These results recommend that the T4 treatment was effective in reducing the BPW 
Table 5. Efficacy of botanicals and bioagents on the activity of different life stages of the banana pseudostem weevil at harvest

	Treatments 
	Number of life stages/plant 

	
	2021
	2022
	Pooled

	
	Grub
	Pupae
	Adult
	Total
	Grub
	Pupae
	Adult
	Total
	Grub
	Pupae
	Adult
	Total

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	1.97

(1.57)c
	1.23

(1.32)cd
	4.20

(2.17)c
	7.40

(2.81)c
	2.00

(1.58)c
	1.57

(1.44)c
	3.87

(2.09)c
	7.43

(2.81)c
	1.98

(1.58)c
	1.40

(1.38)c
	4.03

(2.13)c
	7.42

(2.81)c

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

(1.57)c
	1.17

(1.29)c
	3.93

(2.11)c
	7.07

(2.75)c
	2.07

(1.60)c
	1.30

(1.34)c
	4.07

(2.14)c
	7.43

(2.82)c
	2.02

(1.59)c
	1.23

(1.32)c
	4.00

(2.12)c
	7.25

(2.78)c

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	1.13

(1.28)b
	0.63

(1.06)b
	2.43

(1.71)b
	4.20

(2.17)b
	1.07

(1.25)b
	0.60

(1.05)b
	2.47

(1.72)b
	4.13

(2.15)b
	1.10

(1.26)b
	0.62

(1.06)b
	2.45
(1.72)b
	4.17

(2.16)b

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	0.73

(1.11)a
	0.27

(0.88)a
	1.10

(1.26)a
	2.10

(1.61)a
	0.47

(0.98)a
	0.20

(0.84)a
	1.57

(1.43)a
	2.23

(1.64)a
	0.60

(1.05)a
	0.23

(0.86)a
	1.33

(1.35)a
	2.17

(1.63)a

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	1.03

(1.24)ab
	0.90

(1.18)bc
	2.53

(1.74)b
	4.47

(2.23)b
	1.30

(1.34)b
	0.83

(1.15)b
	2.57

(1.75)b
	4.70

(2.28)b
	1.17

(1.29)b
	0.87

(1.17)b
	2.55

(1.75)b
	4.58

(2.25)b

	T6 : Carbofuran 3% G @ 10 g/pl
	1.67

(1.47)c
	1.70

(1.48)d
	3.60

(2.02)bc
	6.97

(2.73)c
	2.00

(1.58)c
	1.53

(1.42)c
	4.03

(2.13)c
	7.57
(2.84)c
	1.83

(1.53)c
	1.62

(1.45)c
	3.82

(2.08)c
	7.27

(2.79)c

	T7: Untreated control
	2.60

(1.76)d
	2.63

(1.77)e
	9.47

(3.16)d
	14.70

(3.90)d
	3.33

(1.96)d
	2.57

(1.75)d
	8.80

(3.05)d
	14.87

(3.90)d
	2.97

(1.86)d
	2.60

(1.76)d
	9.13

(3.10)d
	14.78

(3.90)d

	S. Em ±
	0.05
	0.05
	0.11
	0.08
	0.07
	0.06
	0.06
	0.10
	0.05
	0.04
	0.08
	0.11

	CD at 5%
	0.16
	0.15
	0.33
	0.25
	0.21
	0.17
	0.18
	0.31
	0.16
	0.13
	0.24
	0.34


*Figures in the parentheses are (x + 0.5 transformed values (n=30).

Means followed by same letter do not differ significantly by DMRT (P=0.05)
population followed by T3 and T5 and all the treatment were economicallyfeasible, ecofriendly, inexpensive and sustainable especially in Sugandhi banana ecosystem as farmers take as many as ratoons depending on the soil productivity.

Efficacy of bioagents and botanicals on yield and yield parameters during 2021
 The data on yield and yield parameters due to the performance of bioagents and botanicals during 2021 and 2022 are presented in Table 6.

Bunch weight: The data revealed that among the tested treatments T4 - application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th and 8th months intervals recorded significantly highest mean bunch weight (17.30 Kg) and exhibited superiority over other treatments followed by T5 - placing Beauveria treated cut pseudostem pieces @ 100 per ha during 5th  and 6th month at base of the plant (14.79 kg) which was statistically on par with T3 -application of B. bassiana UHSB-END1@ 10 g per during 5th  and 6th month (14.54 kg), T2 -neem cake @ 250 kg per ha as soil application during 5th, 6th, 7th and 8th month (14.00 kg) and T1 -neem cake @ 250 kg/ha as a soil application during 5th  and 6th month (13.95 kg). The control plot recorded the lowest mean bunch weight (9.37 Kg) which was significantly inferior over treated plots (Table 6).

 Number of hands per bunch: Likewise, significantly highest mean number of hands per bunch was noted in T4 -application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th  and 8th month (13.30) and was significantly on par with T5 (12.45), T3(12.37),T2 (12.19) and T1(12.19) treatments. The control plot recorded the lowest number of hands per bunch (10.91) where in, it was on par with T1 and T2 treatments. Correspondingly, the data on total number of fingers per bunch in all the treatments including control plot varied from 175.47 to 196.72 and exhibited non significant difference among the treatments (Table 6). 
Yield (t/h):The observations on yield recorded among the treatments revealed that  significantly higher yield in T4 -application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th  and 8th month (39.27 t/h) over control found to be the best treatment followed by T5 - placing Beauveria treated cut pseudostem pieces @ 100 per ha during 5th  and 6th month at base of the plant (33.57t/h) which was statistically on par with T3 -application of B. bassiana UHSB-END1@ 10 g per during 5th  and 6th month (33.01t/h), T2 -neem cake @ 250 kg per ha as soil application during 5th, 6th, 7th  and 8th month (31.78t/h) and T1 -neem cake @ 250 kg/ha as a soil application during 5th  and 6th month (31.67 t/h), 
Table 6. Performance of bioagents and botanicals on yield and yield parameters in banana during 2021, 2022 and pooled
	Treatments
	Yield and yield parameters- 2021
	Yield and yield parameters- 2022
	Pooled data on yield and yield parameters- 2021 & 2022

	
	Bunch weight (kg)
	No of hands / bunch
	No. of fingers / bunch
	Yield

(t/h)
	Bunch weight (kg)
	No of hands / bunch
	No. of fingers / bunch
	Yield (t/h)
	Bunch weight (kg)
	No of hands / bunch
	No. of fingers / bunch
	Yield (t/h)

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	13.95bc
	12.19abc
	185.87a
	31.67bc
	14.01b
	12.30ab
	187.31a
	31.81c
	13.98b
	12.25bc
	186.59a
	31.74bc

	T2 : Neem cake- 5th, 6th, 7th & 8th month @ 250 kg/ha
	14.00bc
	12.19abc
	186.39a
	31.78bc
	13.99b
	12.30ab
	186.50a
	31.76c
	14.00b
	12.25bc
	186.45a
	31.77bc

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	14.54bc
	12.37ab
	193.40a
	33.01bc
	15.52b
	12.61ab
	194.00a
	35.22b
	15.03b
	12.49bc
	193.70a
	34.12b

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	17.30a
	13.30a
	196.72a
	39.27a
	17.81a
	14.17a
	196.71a
	40.42a
	17.55a
	13.74a
	196.71a
	39.85a

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	14.79b
	12.45ab
	194.30a
	33.57b
	15.64b
	12.71ab
	194.31a
	35.51b
	15.22b
	12.58ab
	194.30a
	34.54b

	T6 : Carbofuran 3% G @ 10 g/pl
	13.23c
	11.84bc
	182.14a
	30.02c
	13.54b
	12.17ab
	182.77a
	30.74c
	13.38b
	12.00bc
	182.46a
	30.38c

	T7: Untreated control
	9.37d
	10.91c
	175.47a
	21.28d
	9.61c
	11.09b
	176.60a
	21.81d
	9.49c
	11.00c
	176.04a
	21.54d

	S. Em ±
	0.48
	0.44
	7.98
	1.12
	0.68
	0.64
	7.31
	1.07
	0.62
	0.42
	7.01
	1.13

	CD at 5%
	1.49
	1.36
	24.59
	3.47
	2.10
	2.00
	22.53
	3.30
	1.91
	1.31
	21.06
	3.40


respectively. The untreated control plot recorded significantly lower yield (21.28 t/h) compare to other treatments and there was a significant difference between treated and untreated plots. 

Efficacy of bioagents and botanicals on yield and yield parameters during 2022

Similar experiment was conducted for second season and the data on yield and yield parameters due to the performance of bioagents and botanicals during 2022 is presented in Table 6.

 Bunch weight: The data on average bunch weight revealed significantly higher bunch weight was noted in T4 -application of B. bassiana UHSB-END1 @ 10 g per plant during 5th, 6th, 7th& 8th month (17.81 kg) proved to be the best treatment followed by T5 (15.64 Kg) and T3 (15.52 Kg) and are next best treatments however statistically on par with treatments T1 (14.01 kg) T2 (13.99 kg)and T6 (13.54 kg). The control plot recorded significantly lower mean bunch weight of 9.61 Kg (Table 6). 

Number of hands per bunch: Similarly, the data on number of hands per bunch showed significantly higher mean number of hands per bunch in T4 -application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th and 8th month (14.17) which was significantly on par with treatments T5 (12.71), T3 (12.61), T2 (12.30), T1 (12.30) and T6 (12.17), respectively. The control plot recorded the lowest (11.09) number of hands per bunch. However, it was on par with T6, T5, T3, T2 and T1 treatments. Correspondingly, the data on total number of fingers per bunch in all the treatments including control plot varied from 176.60 to 186.50 and recorded non- significant differences among the treatments  (Table 6). 

Yield (t/h): The data on yield per ha in different treatments indicated significantly     higher yield in T4 -application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th  and 8th month (40.42 t/h) with 85.33 per cent increase over control    proved to be superior over other treatments followed by T5 - placing Beauveria treated cut pseudostem pieces @ 100 per ha during 5th and 6th month at base of the plant (35.51t/h) which was statistically onpar with T3 -application of B. bassiana UHSB-END1@ 10 g per during 5th and 6th month (35.22 t/h) followed by T1 -neem cake @ 250 kg/ha as a soil application during 5 and 6th month (31.81t/h) and T2 -neem cake @ 250 kg per ha as soil application during 5,6,7,8th month (31.76 t/h), respectively. The untreated control plot recorded significantly lower yield (21.81 t/h) compared to other treatments and there was a statistical significant difference between treated and untreated plots (Table 6).

Pooled analysis data (2021 and 2022) on efficacy of bioagents and botanicals on yield and yield parameters 
To determine the performance of bioagents and botanicalson yield and yield parameters, a pooled analysis of the data pertaining to 2021 and 2022 was also conducted and the pooled analysis results were almost in consistent with the individual year results.

Bunch weight: The pooled data observed against bunch weight revealed significantly higher yield was registered in treatment T4 -application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th  and 8th month (17.55 Kg) which was statistically and significantly remarkable over rest all other treatments followed by T5 - placing Beauveria treated cut pseudostem pieces @ 100 per ha during 5th  and 6th month at base of the plant (15.22 Kg) which was statistically on par with T3 -application of B. bassiana UHSB-END1@ 10 g per during 5th  and 6th month (15.03 Kg) and are next best treatments followed by T2 (14.00), T1 (13.98) and T6 (13.38), respectively. The control plot registered significantly lower mean bunch weight of 9.49 Kg. 
Number of hands per bunch: Similarly, the data on number of hands per bunch showed significantly higher number of hands per bunch was noted in T4 -application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th and 8th month (13.74) which was statistically onpar with treatment T5 - placing Beauveria treated cut pseudostem pieces @ 100 per ha during 5th  and 6th month at base of the plant (12.58) followed by T3 -application of B. bassiana UHSB-END1@ 10 g per during 5th  and 6th month (12.49) and T2 -neem cake @ 250 kg per ha as soil application during 5th, 6th, 7th and 8th months (12.25), respectively. Control plot recorded lowest (11.00) number of hands per bunch and it was onpar with treatments T3, T2, T1 and T6 .Similarly, the data on total number of fingers per bunch in all the treatments from T1 to T6 including control plot varied from 176.04 to 186.45 and recorded non- significant differences among the treatments (Table 6). 
 Yield (t/h): Significantly higher yield was recorded in treatment T4 -application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th& 8th month (39.85t/h) followed by T5 - placing Beauveria treated cut pseudostem pieces @ 100 per ha during 5th  and 6th month at base of the plant (34.54t/h) which was statistically on par with T3 -application ofB. bassiana UHSB-END1@ 10 g per during 5th  and 6th month (34.12t/h) and T2 -neem cake @ 250 kg per ha as soil application during 5th, 6th, 7th and 8th month (31.77 t/h), respectively. The untreated control plot recorded significantly lower yield of 21.54 t/h 

Benefit cost ratio of bioagents and botanicals evaluated against management of banana pseudostem weevil for the pooled yield data 2021 &2022

The benefit cost ratio of seven treatments (bioagents and botanicals) for their performance against the management of banana pseudostem weevil was assessed for the two years pooled analysis yield data and are presented in Table 7. The data documented among the tested treatments revealed significantly higher B:C ratio recorded in T5 - placing Beauveria treated cut pseudostem pieces @ 100 per ha during 5th  and 6th month at base of the plant (4.37) which was statistically on par 
with T4 -application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th  and 8th month (4.33) and were statistically onpar
 with T3 -application of B. bassiana UHSB-END1@ 10 g per during 5th  and 6th month (4.02) followed by T1 -neem cake @ 250 kg/ha as a soil application during 5th  and 6th month (3.79) and T2 -neem cake @ 250 kg per ha as soil application during 5th, 6th, 7th  and 8th month (3.69) and T6 -carbofuron 3 % G @ 10 g per plant as a soil application during 5th  and 6th month (3.62), respectively. The data observed in relation to net returns obtained among the treatments showed significantly higher net returns in T4 -application of B. bassiana UHSB-END1@ 10 g per plant during 5th, 6th, 7th and 8th month (Rs. 459533/ha) which was found to be best indicated its superiority over other treatments followed by T5 - placing Beauveria treated cut pseudostem pieces @ 100 per ha during 5th  and 6th month at base of the plant (Rs. 399520/ha) which was statistically onpar
 with T3 -application of B. bassiana UHSB-END1@ 10 g per during 5th  and 6th month (Rs. 384364/ha) followed by T1 -neem cake @ 250 kg/ha as a soil application during 5th  and 6th month (Rs. 350608/ha).


Overall, these findings suggest that the T4 treatment was superior in reducing the BPW population by registering the maximum B:C ratio and net returns followed the treatments T5 and T3 were the next best in the order of second place as these non chemical tools were residue free, economically feasible, ecofriendly, inexpensive and sustainable especially in Sugandhi banana ecosystem as farmers take as many as ratoons depending on the soil productivity
These three tools (T4, T3 and T5) could be effectively combined to reduce the BPW population. It is worth mentioning here that the three treatments were implemented without 
Table 7. Economics of usage of bio-agents and botanicals for the management of banana pseudostem weevil in cv. Sugandhi

	Treatments
	Yield          (t/ ha)
	Agronomic  cost (Rs/ha)
	Plant protection cost  (Rs/ha)
	Total cost of Production

(Rs/ha)
	Gross Returns (Rs/ha)
	Net Returns (Rs/ha)
	B: C Ratio

	T1: Neem cake- 5th & 6th month @ 250 kg/ha
	31.74
	116658
	8810
	125468
	476076
	350608
	3.79

	T2 : Neem cake- 5th, 6th, 7th & 8th month @ 250 kg/ha
	31.77
	116658
	12410
	129068
	476587
	347519
	3.69

	T3 :  B. bassiana UHSB-END1- 5th & 6th month @10 g/pl
	34.12
	116658
	10750
	127408
	511772
	384364
	4.02

	T4 : B. bassiana UHSB-END1-5th, 6th, 7th & 8th month @ 10 g/pl
	39.85
	116658
	21500
	138158
	597691
	459533
	4.33

	T5 : B. bassiana UHSB-END1 smeared split stem trap @ 100/ha
	34.54
	116658
	1950
	118608
	518128
	399520
	4.37

	T6 : Carbofuran 3% G @ 10 g/pl
	30.38
	116658
	9276
	125934
	455703
	329769
	3.62

	T7: Untreated control
	21.54
	116658
	0.00
	116658
	323135
	206477
	2.77


Average market price of banana Rs.15/kg
using any insecticides by utilising Beauveria and split pseudostems. These results further confirmed that the three ecofriendly methods can be very effective in suppressing the BPW in banana ecosystem.

The superior efficacy of Beauveria bassiana in achieving the significantly lowest damage grade, least total number of active life stages of BPW, higher yield levels and yield related parameters and maximum benefit-cost ratio and net returns may be attributed to multiple factors. This entomopathogenic fungus is applied both as a soil treatment and as a coating on longitudinally split banana stem traps. The banana weevils (Odoiporus longicollis) are attracted to these traps by the volatiles emitted from the pseudostem tissue. Upon contact, the fungal spores infect and eventually kill the weevils (PLATE 2). Moreover, infected individuals can transmit the pathogen to healthy weevils, facilitating horizontal spread of the disease within the pest population. In addition to its direct pathogenicity, B. bassiana exhibits endophytic and systemic properties, allowing it to colonize internal banana tissues. Within the host plant, it can sporulate and produce a range of bioactive compounds, including volatile metabolites, fungal toxins, and defense-related enzymes such as chitinases and proteases. These enzymes contribute to the degradation of the insect cuticle, leading to mortality, and also impart antifeedant properties that deter further pest infestation (Plate 1 a, b, c). Systemic fungicides have shown effectiveness in targeting both larval and adult stages of O. longicollis, particularly as the insect feeds within the leaf sheath. The persistence of B. bassiana in the corm and pseudostem of banana plants offers a sustainable delivery mechanism for long-term pest management. Importantly, the likelihood of resistance development in the weevil population is minimal, supporting its long-term use in integrated pest management (IPM) programs. As an eco-friendly alternative to chemical insecticides, B. bassiana represents a promising biocontrol agent against coleopteran pests. Its incorporation into a "lure and kill" strategy, potentially in combination with pheromone trapscan enhance control efficacy. Ultimately, this approach reduces dependency on synthetic agrochemicals, thereby promoting environmental sustainability, preserving ecological services, and safeguarding human health. Such strategies align with climate-resilient and environmentally smart pest management practices for controlling the banana pseudostem weevil (BPW).

The pathogenicity of Beauveria bassiana against Odoiporus longicollis and                        the effectiveness of pseudostem traps observed in the present study are consistent with                    the findings of several researchers, including De Hoog (1972), Nankinga (1999), Kaaya              et al. (1993), Godonou et al. (2000) and Schoeman and Botha (2003). Magara et al. (2003) 


reported that the application of organic or inorganic manures significantly alters the physical and chemical properties of the soil, which in turn influences the growth of B. bassiana. Notably, soils amended with decomposed cow dung manure recorded the highest weevil mortality (67%) within 30 days. Tumuhaise et al. (2003) demonstrated that B. bassiana formulated with cracked maize and applied to split pseudostem and corm traps resulted in 50% and 60% weevil mortality, respectively. This method was considered the most cost-effective and practical for field-level delivery, offering consistent and effective suppression of banana weevil populations. Akello et al. (2008) highlighted that B. bassiana can function as an endophyte within banana tissues, significantly reducing weevil populations by inducing mortality rates ranging from 53.4% to 57.7%. This reduction in pest presence corresponded to a decrease in plant damage by 29.1% to 62.7%. Lopes et al. (2011) supported these findings, emphasizing that entomopathogenic agents applied to soil gradually infect the weevil population during feeding and mating, enabling long-term pest control. Irulandi et al. (2012) evaluated the efficacy of pseudostem traps treated with B. bassiana (25 g/trap) and recorded a 56.75% reduction in O. longicollis infestation. Contrary to conventional applications, the endophytic behavior of B. bassiana offers significant advantages. As reported by Prabhavathi and Ghosh (2014), the fungus effectively targets larval stages within the plant system, remains unaffected by adverse biotic and abiotic factors, and requires only minimal inoculum making it particularly effective in the present study. Furthermore, B. bassiana as a conventional biopesticide is beneficial as it directly infects adult weevils.

Integrated approaches have shown promising results. Bharathi and Mohan (2015) reported a 64% reduction in banana pseudostem weevil (BPW) infestation when B. bassiana conidial suspension spraying was combined with placement of pseudostem traps treated with the fungus. Local isolates of B. bassiana have also demonstrated enhanced efficacy, with Padmanaban et al. (2009) reporting up to 72% mortality using isolate 17-6, and Alagesan et al. (2019) achieving 90% mortality with isolate KH3.Finally, Debanand et al. (2019), through three years of experimentation, confirmed that swabbing pseudostems with B. bassiana at 5, 6, and 7 months after planting significantly reduced weevil infestation. This was followed in effectiveness by stem traps treated with B. bassiana at the 5th month. These findings align closely with the outcomes of the present study.Similarly, Ferron (1981) highlighted the potential of Beauveria bassiana and Metarhizium anisopliae as promising biological control agents for managing cryptic insect pests, such as the banana weevil, which are often inaccessible to conventional arthropod natural enemies. Supporting this, Padmanaban et al. (2009) reported the highest reduction in weevil infestation when banana stem traps were treated with a rice chaffy grain formulation of B. bassiana. Similarly, Irulandi et al. (2012) observed a 56.75% reduction in banana pseudostem weevil populations through stem trapping with B. bassiana. In laboratory conditions, Alagesan et al. (2019) demonstrated the high bioefficacy of the B. bassiana isolate KH3 (1 × 10⁸ conidia/mL), which caused over 90% mortality of Odoiporus longicollis larvae within 12 to 18 days. Furthermore, Akello et al. (2007) established the endophytic colonization of B. bassiana in banana plants, which contributed to a significant reduction (42.00–86.70%) in rhizome weevil infestation.

The present study also revealed that treatment T4 was the most effective in reducing the banana pseudostem weevil (BPW) population, as evidenced by the highest benefit-cost (B:C) ratio and net returns. Treatments T5 and T3 followed in terms of effectiveness, ranking second and third respectively. These non-chemical management strategies were not only residue-free and economically viable but also environmentally friendly, cost-effective, and sustainable particularly suitable for the Sugandhi banana ecosystem, where farmers often cultivate multiple ratoons based on soil fertility. These findings are in agreement with those of Irulandi et al. (2012), who demonstrated the efficacy of Beauveria bassiana and azadirachtin (10,000 ppm) in managing the pseudostem weevil in red banana. Their study reported that stem injection of azadirachtin at 2 ml/plant and placement of cut pseudostem pieces (100 pieces per hectare) treated with B. bassiana (25 g/piece) in open fields resulted in 84.74% and 75.36% adult mortality, respectively. This approach also led to increased fruit yield, net returns, and a higher B:C ratio. Similarly, Shanmugam et al. (2013) found that placing cut pseudostem traps (25 cm) swabbed with B. bassiana (25 g/piece) at 100 pieces per hectare significantly enhanced fruit yield (39 t/ha), net returns (Rs. 3,38,000), and B:C ratio (7.5), followed by stem injection of azadirachtin (10,000 ppm) at 2 ml/plant. The researchers concluded that the use of B. bassiana-based pseudostem traps is an ideal eco-friendly and low-cost strategy for managing pseudostem weevil infestations in banana cultivation. Further supporting this, Ravi et al. (2025) investigated environment-friendly management strategies against Odoiporus longicollis (Oliver) in banana. Among biopesticides tested, spraying B. bassiana (2 × 10⁸ CFU/g) at 4.0 g/L, combined with pseudostem trapping, also proved effective. These treatments significantly improved growth parameters such as plant height, pseudostem girth, number of hands per bunch, and number of fingers per bunch.
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